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Abstract 
The present, inves'tigat-ion was carried out using two 
alkylating agents, vis., ethymethane sulphonate (EMS) and 
methylmethane sulphonate (MMS) and a respiratory inhibitor, 
via., sodium aside (SA) on mungbean {Vigns radiata (L.) 
Wilcsek). The main objective of this study was to explore 
the possibility of inducing genetic variability for 
quantitative characters in three varieties viz., K-851, 
PS-16 and Pusa Baisakhi of mungbean. Various ot?ier aspects 
of this study were"- (1) biological damage in H-^ generation", 
(2) efficiency and effectiveness of the mutagens; (3) 
chlorophyll mutation frequency and its spectrum; (4) 
estimation of heritability (broad sense) and genetic 
advance (percentage of meati) . 
The Mj^  generation was studied for such parameters as 
percentage of seed germination, seedling height, plant 
survival and pollen fertility. A depression in seed 
germination, seedling height and pollen fertility was 
envisaged with increasing concentrations of the mutagens. 
Morphological investigations of H-^ plants exhibit 
anomalies in the cotyledonary and vegetative leaves and the 
frequency of such abnormalities was greater at the higher 
concentrations of mutagens in all the three varieties. 
Treatments with SA failed to produce anomaly in the 
cotyledonary and vegetative leaves in all the varieties 
studied. 
A wide spectnom of chlorophyll mutants was obtained in 
Mo generation. The frequency of chlorophyll mutations was 
dose dependent and increased with the mutagen concentration. 
EMS treatments induced the highest frequency of chlorophyll 
mutations and was followed by MMS and SA in all the three 
varieties. 
The mutagenic effectiveness as measured by the 
percentage of mutated plant progenies divided by the unit 
dose of the mutagen was higher at lower doses of the 
mutagens. MMS was found to be most effective and the order 
of the mutagens based upon effectiveness was MMS > SA > EMS. 
The mutagenic efficiency worked out on the basis of seedling 
injury (Mp/I) and pollen sterility (Mp/S), showed a 
declining trend with increasing concentrations of mutagens. 
The EMS treatments were found to be more efficient in 
comparison to the other mutagens (MMS and SA) in all the 
varieties. 
A wide range of morphological mutants exhibiting 
altered mo irpho logical features were identified in M2 
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population. The highest frequency was noticed in the EMS 
treated population and the lowest in the SA treated one, 
MMS treatments being the intermediate. The range of such 
mutants was relatively wide in the var. K-851 followed by 
the varieties PS-16 and Pusa Baisakhi. The isolated 
morphological mutants in the present investigation showed a 
negative selection value. However, few of them can be 
improved through selection by eliminating some of the 
undesirable characters. 
Attempts were made to ascertain the effect of the 
mutagenic treatments on mean and the coefficient of 
variation (CV) in Mj^  itself. Induced quantitative 
variability was studied for nine quantitative parameters, 
namely, days to flowering, plant height (cm), days to 
maturity, number of fertile branches, number of pods, pod 
length (cm), seeds per pod, 100 seed weight (g) and total 
plant yield (g). Means for all the nine quantitative 
characters remained unchanged in the treated populations. 
However, the coefficient of variation (CV) differed from 
character to character and the highest CV over control was 
recorded for fertile branches per plant. 
The mean number of fertile branches, number of pods, 
seeds per pod, 100 seed weight and total yield of the plant 
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increased in all the treatments with some exceptions in the 
three varieties. The exceptions were noticed in M2 
generation, whereas M3 generation showed a complete positive 
trend of shift. The mean of days to flowering and maturity 
shifted on either side of the control mean after the 
mutagenic treatment. Flowering was early by four days with 
0.2% EMS treatment in M3 generation of the var. K-851. 
Similarly days to maturity were reduced by approximately 
four days with 0.2% EMS and 0.02% MMS treatments. The 
treatments of SA at various concentrations gave the maximum 
reduction in plant height in all the three varieties. 
However, the mean pod length did not differ significantly in 
most of the treatments. 
The genotypic coefficient of variation, heritability 
and the genetic advance increased manifold in tVte treated 
population but they are not dose dependent and varied from 
trait to trait in M2 and M3 generation. The studies of 
heritability and genetic advance suggest that the induced 
polygenic variability can be utilized in plant improvement 
programmes. 
Certain mutants, much superior to the others in their 
performance for seed yield per plant, were evaluated in 
order to find out the selection response in M3 generation. 
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Increase in yield concurrent with the increase in mean 
values of fertile branches and pods per plant was noticed. 
The other characters, namely, days to flowering, plant 
height, days to maturity and pod length showed no 
significant differences in mean values. However, some 
characters such as seeds per pod and 100 seed weight 
differed significantly from t?ie control. Estimates of the 
genotypic coefficient of variation, heritability and the 
genetic advance for yield and yield components were also 
recorded to be higher. The increased variability in yield 
and yield components for these mutants provides scope for 
further selection. 
Phenotypic correlation between various character pairs 
of the mutants isolated in M3 generation showed a positive 
and significant relationship among number of fertile 
branches, number of pods and seed yield per plant. The 
present findings also support the view that the mutagenic 
treatments could alter the mode of association between 
characters, apart from generating variability. 
In general, the lower concentrations of the mutagens 
used in the present investigation were more effective and 
efficient rather than the higher concentrations. Mutagenesis 
could be employed to alter the genetic make up of mungbean. 
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Chapter-1 
Introduction 
Grain legumes, commonly known as pulses, are an 
important and the most economical source of vegetable 
proteins and occupy a significant place in the dietary of 
our people, supplying the major portion of protein 
requirements to the predominantly vegetarian population of 
India. Also they are rich in minerals and certain vitamins. 
Further, the amino-acid composition of pulse protein is such 
that a mixed diet of cereal and pulse carries a greater 
biological value than either of the components alone. Recent 
indications about positive correlations of arterio-sclerosis 
with diets rich in saturated fatty acids and, on the other 
hand, the reported decrease in blood cholesterol level with 
inclusion of pulses in daily diet, have added much to the 
significance of substituting animal protein by vegetable 
protein in Kitchen preparations. 
Besides, pulse crops are endowed with a unique property 
of maintaining and restoring soil fertility through 
biological nitrogen fixation from the atmosphere as well as 
of conserving and improving physical properties of soil by 
virtue of their deep ajid well spread root system. Pulses 
also provide nutritious green fodder and feed to the 
livestock. 
India, despite its great agriculture potential, has 
long been facing a shortage of pulse production. While 
commendable success was accomplished in the improvement of 
cereal crops, a comparable progress could not be made in the 
case of pulses. Pulse production peaked during the year 
1985-86 when it reached 13.36 million tonnes, surpassing for 
the first time the previous peak production of 13.15 million 
tonnes achieved in 1958-59. Indian population is growing at 
a rapid rate, and hence the stagnation in pulse production 
has meant a severe decline in the per capita pulse 
availability, a matter of serious concern in a country where 
pulses are the major source of protein for most of the 
people. The per capita availability of pulses declined from 
a peak of 70 grammes, achieved in 1956, to less than half 
that amount (33 grammes) in 1938 as against the WHO/FAO 
recortfinendation for a minimum pulse requirement of 80 grammes 
per capita. 
The availability of pulses in the international market 
is limited. A solution to the problem of tVie declining per 
capita availability has, therefore, to come from a rapid 
improvement in indigenous production levels. According to 
Swaminathan et al. (1970) pulses occupy a larger part of the 
area (24 million hectares) under cultivation in our country 
but their productivity is low (450 kg/ha). The low 
productivity of pulses is due to the fact that they are 
mostly cultivated under rainfed conditions, highly 
susceptible to pests and diseases such as yellow mosaic 
virus and powdery mildew and take a longer time to mature, 
exposing them to various natural hazards. 
Mungbean (Vigna radzata (L. ) Wilcaek) which ranks third 
to gram and red gram, is an important pulse crop in 
Southeast Asia and the Indian sub-continent.. In the recent 
past it has been introduced into eastern and central parts 
of Africa, West Indies and U.S.A. (Jain and Mehra, 1980). 
The production of mungbean increased from an average of 
0.90 million tonnes during the quinquennium ending 1981-82 
to 1.17 million tonnes during the quinquennium ending 1986-
87. The area under cultivation increased during this period 
from 2.65 to 2.97 million hectares and the productivity rose 
from 338 to 394 kg per hectare. The production of mungbean 
after touching a level of 1.18 million tonnes in 1985-86 
declined to 1,09 million tonnes in 1987-88. This happened 
despite expansion in area under cultivation of the crop as 
the yield declined from 392 to 348 kg per hectare (Table 1), 
Mungbean is grown in almost all the states of India and 
is cultivated mainly as a Kharif crop. It is also grown as a 
rabi-season crop in southern India, were winter is mild. 
During the rabi-season, the crop is cultivated mainly in 
Andhra Pradesh, Bihar, Madhya Pradesh, Orissa and Madras. It 
is also grown as a summer crop in submontane regions and 
outer ranges of North-West Himalayas. Mungbean is a crop 
which is grown on a variety of soils, from red-laterite 
soils of South India to black cotton soils of Madhya Pradesh 
and aandy soile of Rajaathan. 
Dried and green st«lk (and leavftn of tnung:bf»an sro ufi«d 
as fodder. Green pods are consumed as vegetable. The seeds 
are boiled as a whole or after splitting and eaten as "dal" 
or are ground to prepare balls, '"bari" and "pakori" etc. 
Mungbean is also eaten as sprouts. It is also recommended as 
a medicinal diet in case of flatulence and to the sick. It 
is rich in vitamin B and is regarded as a remedy for beri-
beri. Nutritional composition of mungbean is given in 
Table-2. 
Leguminosae is the second largest family of 
dicotyledons with approximately 567 genera and 18,000 
species (Qutchinson, 1967). The family shows cosmopolitan 
distribution and great diversity in growth, habit and 
habitat. In India, the family was reported by Baker (1876) 
to have been represented by 132 genera and 925 species. 
Several new legumes were described later and have been added 
time to time. 
Mungbean belongs to the genus Vigna of the family 
Leguminosae (Sub-family Papilionaceae). The plant has tap 
root, provided with nodules. Stem is erect or suberect. 
furrowed and branched, green and rarely with purple 
pigmentation. Leaves are trifoliate, ovate with large 
petiole. Inflorescence is axillary raceme. Flowers are 
bisexual with papilionaceous corolla, 10 stamens C(8)+l], 
monocarpellary, unilocular and superior ovary. Immature pods 
are green, mature pods have grey or brownish colour and 
become round. Seeds are globular, green but sometimes 
marbled with yellow brown, purple brown or black; hilum is 
white, round and more or less flat. Germination is epigeal; 
cotyledons are dirty yellow. 
India grows a variety of pulse crops of which the 
adaptability of mungbeeui to adverse conditions gives it a 
paramount place in arid and semi-arid tropics. During the 
past few years intensive research work has been initiated to 
improve yield as well as quality of pulses. The breeding 
methodology applied to mungbean has been purely 
conventional. Since mungbean is a self pollinated crop, 
mutation breeding is an important source of creating genetic 
variability. Hence, in general, induced mutations provide a 
good tool in pulses (Swaainathan, 1969; Gottschalk, 1972; 
Blixt and Gottschalk. 1975; Khan, 1988). 
The variations encountered with many of the agronomic 
characters such as yield are of continuous type and have 
resulted from polygenic interaction with the environment. 
Individual gene effects contributing to the expression of 
these characters are too small to be recognised and 
evaluated aoparatoly by the claaaiottl methods. One has to 
deal with the average effects of genes or genes 'en masse' 
and make use of biometerical tools in their analysis such as 
generation means and variances. Information on the nature of 
gene action controlling the economic characters is of 
crucial value in any plant breeding programme. The two 
important stages of most, if not all, plant breeding 
programmes are; (1) selection within a base population of 
genetically variable individuals or families and (2) 
utilization of the selected material for the creation of the 
new populations to be employed either as commercial 
varieties or as the base for the new cycle of. selection. At 
both stages, a knowledge of the genetic architecture of the 
character under improvement is essential for a breeder. 
In view of the present advancement in our knowledge of 
gene and genetic variation, our ability to create variation 
by induction of mutations has been increasing. The idea of 
inducing mutations artificially and utilizing them for 
breeding was put forward as early as 1901 by Hugo de Vries. 
The proof of ionizing radiations producing mutations was 
presented by Muller (1927) in fruitfly. Stadler (1928) 
produced mutations in barley and maize. Ganger and 
Blackeslee (1927) in Datura stramonium and Qoodapeed (1929) 
in Nicotiana by X-rays and gamma rays. Discovery of chemical 
mutagens during the forties opened new vistas of 
understanding the nature of the gene and the nature of the 
mutation process (Auerbach, 1943). Now there are hundreds of 
synthetic chemicals which have been used extensively and 
found to be highly mutagenic in various organisms. 
The use of chemical mutagens in agriculture for 
improving crop plants presented a new departure from 
conventional methods. In conventional breeding methods the 
store of natural variability, either present in the sample 
population initially or introduced through hybridisation, is 
subjected to recombination and selection and the frequency 
of favourable combination of genes is thereby increased and 
fixed. The initial variability is, however, provided only 
through spontaneous mutations. Frequency of spontaneous 
mutations so low that it is not usually considered practical 
to wait for the appearance of desirable mutations. 
It is well known that the use of chemical mutagens in 
the mutation breeding helps much in inducing a greater 
variability in various plant ctiaraotors within a. 
comparatively shorter time. This accelerates the breeding 
programme but does not dispense with the conventional 
breeding methods. Only through a careful screening and 
selection, the range of genetic variabilitz induced by 
chemical mutagens can be exploited for obtaining desirable 
lines. 
The induction of mutations has been accepted as a 
useful tool in plant breeding programme. The success in 
plant improvement progranune, however, depends basically on 
controlling and directing the induced mutation process for 
the production of desired mutations. One of the chief 
advantages of mutation breeding is tVie ability to improve a 
single feature in a variety without significantly altering 
the otherwise desirable make up of agronomic characters. 
Another advantage of mutation breeding is the creation of 
variability which enhances the scope for selection. 
Exploration of the possibility of crop improvement by 
induction and factors governing the inheritance of 
quantitative traits has been recoimnended by several 
breeders. A series of experiments carried out with various 
crops has established that chemical mutagens, when applied 
to plants, induced mutation in polygenic characters 
(Bateman, 1959; Kumar, 1972; Larik, 1975; Siddiqui et al., 
1979 and Khan, 1982). 
Most of the plant attributes of interest to a plant 
breeder are quantitative characters which are controlled by 
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polygenic interaction. In these situations the efficiency of 
selecting the desired mutant is generally lower than for 
specific characters which are controlled by a single gene. 
'Micromut-at ions' produce genetic variability in 
quantitative characters of the crop plants. Hence, they 
deserve full attention of plant breeders. Such mutations 
should be useful for improving quantitative inherited traits 
(e.g. grain yield) without disturbing the major part of the 
genotype and the phenotypic architecture of the crop. 
Mutation breeding has helped to rectify certain 
specific defects in otherwise acceptable cultivars. Induced 
mutations increase the genetic variability for certain 
characters so that selection is more effective and the 
probability of getting the desired genotypes considerably 
enhanced. The enhancement of genetic variability is 
obviously urgently needed so that suitable types of crop 
plants may be developed. 
Induction of genetic variability by the use of mutagens 
has been a regular and highly effective system for crop 
improvement endeavours (IAEA, 1970). The system is 
particularly suitable for altering polygenic traits in self-
pollinated crop (Classen, 1950; Khan, 1988). So far, around 
500 officially released or approved varieties of different 
crops have been developed and many more, are in the process 
of selection and testing. Thus, mutation breeding is 
undoubtedly a method for supplementing the conventional 
breeding methods in self fertilizing crops. 
The natural variability for yield and its component 
traits is very narrow in mungbean - a self fertilized crop. 
It is a well known fact that the variability is an essential 
pre requisite for any crop improvement programme. In the 
recent years there have been a number of attempts to assess 
radiation induced genetic variability in quantitative 
characters of different crop plants such as peanut (Gregory, 
1956): soybean (Bawlings et ai., 1958; Williams and Hanway, 
1961); barley (Gaul, 1964); wheat (Scossiroli, 1968; Larik, 
1979); oats (Abrams and Frey, 1964); sorghum (Ramulu, 
1974); rice (Rao and Siddiq, 1977) and mungbean (Rajput, 
1974; Khan, 1987a). However, little information exists 
concerning the influence of chemical mutagens on 
quantitative characters in pulses, particularly in mungbean. 
The present investigation is aimed at understanding the 
genetic basis of quantitative characters in Vigna radiata 
(L.) Wilczek about which information is very scanty. An 
attempt has been made to evaluate quantitative characters in 
Mj, Mg and M3 generations following mutagenesis with 
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ethylmethane aulphonate (EMS), methylmethane sulphonate 
(MMS) and sodium azside (SA) in three varieties of mungbean 
via., K-851, PS-16 and Pusa Baisakhi, Nine quantitative 
characters were studied in different generations. The 
objectives of the study were: 
1. to compare the effectiveness and efficiency of 
different mutagens 
2. to study the frequency and spectrum of' chlorophyll 
mutations 
3. to increase the mean values of the yield components 
4. to study the induced variability in various 
quantitative characters 
5. to estimate heritability and genetic advance 
6. to isolate such mutants which are of use to plant 
breeders. 
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Chapter-2 
A Brief Review of Earlier 
In ves tiga tions 
Because of its great economic and nutritional 
importance, the genus i^igna has attracted attention of many 
cytogeneticists and plant breeders. The importance of 
genetic variability for the improvement of crop plants has 
been fully realised and considerable information is 
available on the black gram (Jana, 1962; Jana and Elao, 1974; 
Rao and Heddy, 1975; Kundu, 1980), pea (Eaul, 1977, 1980a; 
Kaul and Garg. 1982; Gottschalk and Kaul, 1973; Gottschalk, 
1983 and 1988) and soybean (Opadhyaya and Sin^ gh, 1979). 
However, relatively little attention has been paid to 
the species of the genus Vigna in general and to mungbean in 
particular. The pertinent literature on various aspects of 
the mungbean is reviewed below. 
2.1. General account 
2.1.1. Origin 
According to De Candolle (1884), Vavilov (1926) and 
Zukovskiji (1962), mungbean originated from the Indian 
subcontinent. The maximum diversity among related species is 
limited to the upper western ghats and deccan hills. A 
secondary centre of diversity exists in the Bihar state. The 
present Monghyr city of Bihar was once called Mudagiri for 
mung hills (De, 1976). Vigna rsdiata var. sublobata appears 
to be the most probable progenitor of both Vigna radiata and 
V. mungo (Ziakovskiji, 1962) and occurs as a wild cultivar in 
India and Indonesia (Dana, 1976). Singh et al . (1975) 
observed variable forms of mungbean in the eastern ghats 
and in the areas from Madhya Pradesh (India) southwards. 
De Candolle (1886) stated in his classical book, 
"Origin of Cultivated Plants", that P- aureus Roxb. was 
commonly cultivated in India and in the Nile valley. The 
considerable number of varieties, and the existence of three 
different names in the modern languages of India, point to 
its cultivation one or two thousand years ago. In Africa, it 
is probably recently introduced. Anglo-Indian botanists 
agree that it is wild in India. Vavilov (1926) mentions P' 
aure^us Roxb. originated in the Indian centre of origin of 
cultivated plants (exclusively Pakistan) but including 
Burma, as well as in the central Asiatic centre (Pakistan, 
Afghanistan, Tadjikistan and Western Tian-Shan). 
2.1.2. Taxonomic classification 
The taxonomic classification of mungbean was compiled 
by Bose (1932). There is great controversy amongst the 
taxonomists regarding whether mungbean should be kept in the 
genus Phaseolus or \/igna, Roxburgh (1832) named mungbean as 
Phaseolus •ungo willd. and the yellow variety (Sona mung) as 
P. aureus Roxb. Duthie and Fuller (1882) also followed the 
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same classification. However, Prain (1898, 1903) had changed 
the classification and called the mungbean as Phaseolus 
radiatus Linn. Boae (1939) referred to mungbean as P' 
radiatus Linn. Syn. f- aureus Roxb. The name of P. aureus 
for mungbean remained viable until many taxonomists 
considered that Asiatic Phaseolus species (old world) i.e. 
section Ceratotropis should be transformed to the genus 
Vigna. Piper (1926) differentiated Phaseolus from l^igna 
genus based on keel characteristics (keel is straight and 
not laterally coiled or curved as in Vigna, while it is 
curved or coiled in Phaseolus). The criterion for 
differentiation between the genera Phaseolus and Vigna have 
been reviewed by Evans (1975), and Marechal (1976). Wilczek 
(1954) named Vigna radiata (L.) Wilcaek for Phaseolus aureus 
L., the mungbean. 
2.1.3. dhromosome ntamber 
Karpechenco (1925) reported the diploid chromosome 
number of mungbean as 22 but Rao (1929) found it to be 24. 
However, majority of the species of Phaseolus bear the basic 
chromosome number (n = 12), as determined by various workers 
(Darlington and Wylie, 1955; Sarbhoy, 1978; Sinha and Hoy, 
1979; Dana, 1980). Most species are diploid with 2n=22, 
showing that there is a perfect uniformity in chromosome 
number of this genus. Sinha and Roy (1979) reported that the 
I'l 
wide morphological divergence in respect of colour of 
flowers, seed size, pod size etc. amongst the species of 
this genus can, therefore, be assumed to have been produced 
due to the structural differences in their chromosome 
complements and gene pool. 
2.2. Some concepts in mutagenesis 
2.2.1. Mutagens 
The idea of inducing mutations and utilizing them for 
improving cultivated plants is more than eighty years old. 
The concept was first suggested by Huge de Vries in 1901. It 
was put to use for the first time by Muller in 1927 when he 
succeeded in inducing certain variations in Drosophila . 
Successes with X-ray were achieved by Stadler (1928) in 
barley and by Goodspeed (1929) in Datura and Nicotiaria . 
Indications about the possibility of induction of 
mutations by the use of chemical mutagens started appearing 
within a decade after discovery of the phenomenon (Morgan, 
1911). Sakhairov (1932) also held similar views. However, the 
first elaborate report was presented by Auerbach and Robson 
(1942) who showed that mustard gas could induce mutations as 
well as chromosomal breaks in Drosophila. Urethane was 
reported to produce chromosomal breaks in Oerio-^ers by 
Ochlker^' (1946). Formalin was also shown to carry mutagenic 
effect when fed to Drosophila (Rapoport, 1946). 
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Heslot (1959), for the first time, demonstrated the 
mutagenic activity of ethylmet?iane sulphonate (EMS). 
Rapoport et al. (1966) discovered nitroso-methyl urea which 
was found to be a very strong mutagen. Sodium aside 
mutagenicity was first observed by Wyss et al. (1948) in 
their studies on the role of peroxides in radiation induced 
mutagenesis. Sodium aside mutagenicity in higher plants was 
discovered by Spence (1965) who used this chemical as a 
respiratory inhibitor in barley. Later, sodium aside was 
found to be a very effective mutagen under certain treatment 
conditions (Kleinhofs et al,, 1974); it made possible to 
obtain high mutation frequency, mostly gene mutations, with 
negligible frequency of chromosomal aberrations. 
Sodium aside, an inhibitor of catalase and peroxidase 
enzymes, is a remarkably efficient mutagen in barley (Milan 
et aJ.^ 1973) with hydrogen ion concentration of its 
treatment solution as a key to its high mutagenic potency 
(Sidoria et aJ,^ 1969). It is also known to cause somatic 
mosaicism in Glycine max (Vlg, 1973) and induce mutations in 
Pjsum (Sander and Muehlbauer, 1977). Sodium aside as such 
does not possess "radiominetic activity but has shown 
synergistic effect with radiations, methyl nitroso urea 
(MNH), ethylmethane sulphonate (EMS) and propane aultone 
(PS) resulting in increased chromosomal aberration frequency 
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(Kihlman, 1959; Sideris et aJ . , 1969), seedling growth 
injury (Choudhary and Kaul, 1976) and chlorophyll mutation 
frequency (Ronzak et aJ , , 1975; Khalatkar et aJ . , 1979; 
Slnsh and Olejniczak, 1983). The mutagenic efficiency of 
azide is very high when measured as the ratio of mutation 
yielded to chromosomal aberrations (KonzaOe. et aj . , 1972). 
Our knowledge on the fundamental aspects of the 
mutational process and the mechanism of action of various 
physical and chemical mutagens and their combinations has 
been fairly widened with reports of Blixt and Gottschaik 
(1975), Gottschaik (1978a, 1978b), Gottschaik and Wolff 
(1983), 8harma (1985) and Khan (1986). Though there are 
several unanswered questions regarding the classification 
and mechanism of action of mutagens, yet a more 
comprehensive account of them was given by Sharma (1985). 
Alkylating agents are by far the most extensive and 
important group of mutagens. These compounds bear one or 
more reactive alkyl groups capable of being transferred to 
other molecules at positions where the electron density is 
sufficiently high. They cause alkylation of phosphate groups 
of tVie DNA as well as the bases, the most frequent event 
being the formation of 7-alkyl guanine. 
In practice, however, only a few of the mutagens are 
used more frequently, most of them belonging to the group of 
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alkylating agents such as ethylmethane sulphonate (EMS), 
methylmethane sulphonate (MMS), diethyl sulphate (dES), 
ethylene imine (EI), N-nitroso-N-ethyl urethane (NEU), N-
nitroso-N-raethyl urethane (NMU), nitroso-ethyl urea and 
nitroso-methyl urea. Of these, nitroso compounds have been 
reported to be the most effective (Rapoport, 1962, 1963; 
Swamlnathan, 1966; IAEA, 1970). 
Apart from easy handling and better efficiency, 
chemical mutagens have greater specificity than radiations 
(Auerbach, 1965). Chemical mutagens have been reported to be 
more potent in inducing mutations than the physical ones 
(Shama, 1965; Blixt and Mossberg, 1967). 
2.2.2. Dose effect 
The dose required for high mutation efficiency of a 
chemical mutagen depends on the properties of the agent, of 
the solvent medium and of the biological system in 
question. In general, the dose of a chemical mutagenic 
treatment comprises several parameters, of which the most 
important are concentration, duration of treatment and 
temperature during treatment. 
Chemical mutagens like EMS and NMU have been shown to 
have a dose-related reduction in pollen fex*tility (Merker, 
1970). Bussein and Dlsouki (1976) reported similar results 
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in Phaseolus vulgaris L. Siddiq (1967) found NMU at higher 
doses to be more effective tVian gamma rays, EMS and fast 
neutrons on rice. Dose-linked effectiveness of NMU was also 
noted in Vigna radiata in terms of germination loss, 
reduction in pollen fertility and seedling height (Singh and 
Chaturvedi, 1980). Similar effects with EMS were noted in 
pearl millet (Singh et al ., 1978). Wellensick (1965), 
Mighacheva (1972) and Salim et al. (1974) noticed dose-
dependent reduction in germination, seedling height and 
fertility in peas. Similar results have been reported in 
mungbean by Khan (1983). 
With a view to enhance the mutation rate and also to 
alter the spectrum of mutations, many variations in 
treatment methodology have been used by different workers. 
Treatments with chemical or physical mutagens have been 
given to dry as well as soaked seeds, seedling at different 
developmental stages, different phases of cell cycle, at 
variable temperature and ionic concentrations of chemical 
mutagens (Chopra and Pai, 1979). 
2.3. Mutagenic sensitivity 
It is well known that the same mutagen dose can cause 
different degrees of effect in different species. Varied 
mutagenic sensitivity of different genotypes was first 
r-
reported by Gregory (1955) in groundnut and by Lanprecht 
(1956) In peas. 
Singh and Clhaturvedi (1980), using NMU and gamma rays 
found distinct varietal differences in Vigna radiata. Siddiq "^  
(1967) used EMS, NMU, gamma rays and neutrons to determine, 
mutagenic sensitivity in rice and noticed that varieties 
belonging to indica and japonica types differed in their 
radiosensitivity. Akbar et al . (1976) concluded that the 
differences in radiosensitivity among the rice varieties may 
be due to differences in their recovery process involving 
enzyme activity. 
Bykoveta and Vasykiv (1971) conducted mutation studies 
on leguminous crops like soybean, french bean, peas and 
Lathyrus with three mutagens, viz., NEU, NMU and dES. It was 
found that all crops are not mutable to the same extent and 
that the maximum mutagenic effects appeared in peas, next in 
soybean and none in Lathyrus. Herker (1970) demonstrated 
varietal differences in the mutagenic sensitivity of 
Lathyrus satit^us . Sinha and Godward (1972) recorded similar 
differences between the macrosperma and microsperua lentils. 
In Phaseolus such varietal differences were reported by 
Sahai (1974). In wheat also, varietal differences with 
regard to induction of chlorophyll mutations were noticed by 
Minocha etai- (1970). 
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In gerxeral, varieties with a large assortment of 
recessive characters show greater sensitivity and frequency 
of Mo mutants than varieties with dominant characters (Gelin 
et aJ., 1958; Blixt, 1970; Gad, 1980; Dolgikh and 
Tarasenkov, 1971). The mechanisms controlling sensitivity to 
chemical mutagens and X-rays have been reported to be 
different from those determining sensitivity to gamma rays 
(Sokolov and Balchunene, 1977). 
^ 2.4. Mutation frequency and spectrum 
In the mutation induction programmes the choice of an 
effective and efficient mutagen will certainly increase the 
possibility of recovering desired mutations in M2 
generation. That mutagens may show difference in mutation 
spectrum was reported by Ehx^nberg et al. (1959); Konsak ^t 
al. (1962) and Sharma (1968). It is generally accepted that 
the frequency of chlorophyll mutations in M2 generation is a 
good indication of the total mutation pattern (Mesken and 
Van der Veen, 1968). Auerbach (1967) has suggested that 
spectrum changes could probably be induced more by 
controlling the recovery pattern rather than the primary 
process of induction of mutation. 
Higher frequency of chlorophyll and other viable 
mutations, following treatment with chemical mutagens and 
2.1 
radiations, was reported by Blixt et al. (1958, 1963). 
Several workers have reported a higher mutation frequency in 
legumes following treatments with chemical mutagens as 
compared to physical mutagens (Wellensick, 1965; Monti and 
Donini, 1968). Chemical mutagens especially alkylating 
agents, in contrast to radiations, produce a wider spectrum 
of mutations (Swamlnathan et al.^ 1962). The cited authors 
proposed that the differences in the spectrum with 
radiations and EMS in barley must be related to the specific 
action of EMS on the genetic material. Among the three 
mutagens, viz., EI, EMS and dES, Vasileva (1976) found the 
highest mutation frequency with EMS and the lowest with dES. 
In, another study Vasileva and Mahadjiev (1978) noticed that 
fast neutrons produced higher frequency and broader spectrum 
of mutations in comparison to gamma rays, EMS, dES, and EI. 
Among the chemical mutagens, they found EMS to be superior 
to other mutagens. Sidorova (1966a) suggested that the rate 
and spectrum of induced mutations were affected by the 
mutagen as well as by the genetic architecture of the 
genotype. Savin et al. (1968) concluded that in barley, NMU 
was superior to BMS in inducing chlorophyll mutations. 
Multiple mutations also occurred in the NMU treated 
material in their study. Hussein et al . (1974) found EMS to 
be much superior to gamma rays for inducing high frequency 
and wide spectrum of mutations. 
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There are strong indications that total mutation 
frequency and spectrum are associated with the dose of 
mutagen (Rybakov, 1971; Ghosh et a/-, 1973; Hussein et s i . , 
1974; Vasileva, 1976). However, this claim was repudiated by 
some workers (Pipte, 1972; Khan, 1979) who found no 
relationship between the dose of mutagen and the mutation 
spectrum. According to Vo Bung (1974) the highest dose is 
not always the most effective treatment. Srivastava et al. 
(1973) found higher doses of EMS to be less toxic than 
higher doses of bfrlS in gram. The number of lethal mutations 
was reported to be low and that of the useful ones to be 
high with low doses of irradiation followed by treatment 
with chemical mutagens. It has also been pointed out that 
phenotypically similar mutations may be produced by 
different treatments (Khevostova e* s i . , 1973). Influence of 
the genotype on mutation frequency has also been shown to be 
significant (Sidorova, 1966; Enken, 1967; Pipie, 1969, 1972; 
Vasileva, 1976). 
2.6. Chlorophyll mutations 
Chlorophyll mutations, although not useful for plant 
breeding purposes, have been used as one of the measures of 
the mutagenic effect. Several authors reported the 
occurrence of different types of chlorophyll mutations in 
mungbean such as albina, xantha, chlorina, viridis, 
virescent, striata, tigrina etc., in the M2 generation 
following treatments with various mutagenic agents (Dahiya, 
1973; Singh et al ., 1979; Krishnaswamy and Rathinam, 1980; 
Ganguli, 1981; Khan, 1984a and Rao, 1982). Khan (1988) 
reported the highest frequency (16.68%) with gamma rays, 
followed by EMS (14.47%), in the variety G-65. He further 
reported that EMS was more efficient for inducing the 
highest frequency (15.80%), followed by gamma rays (13.18%), 
in the variety PS-16. Earlier, Dahiya (1973) reported 
albina, xantha, viridis and maculata after irradiation with 
gamma rays in the varieties, Pusa Baisakhi and Hybrid-45. 
However, Rao (1982) reported that gamma rays and EMS yielded 
higher frequency as compared to HZ in the variety PIMS-4, 
Combined treatments with different physical and 
chemical mutagens alter the mutation frequency and spectrum 
(Arnason et al., 1963 and Favert, 1963). In- barley, 
combinations of treatments with gamma rays and EMS showed 
synergistic effects on chlorophyll mutation frequency 
(ShanBa,1969). Similar observations were made on rice after 
treatments with thermal neutrons and dES (Rao and Gopal 
Ayengar, 1964). In wheat, a reduced chlorophyll mutation 
frequency was observed in combinations of EMS and HA 
treatments (Chopra and Swaminathan, 1966). 
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Rao and Jana (1975) observed viridis, chlorina-
terminalis, chlorina-virescence and albo-virescence types of 
chlorophyll mutations in the progenies of black gram treated 
with X-rays, EMS or both. Bhan and Kaul (1976) treated three 
varieties of rice with gamma rays, EMS and dES, alone and in 
combinations. They reported that the chlorophyll mutation 
frequency was enhanced with increasing dose but dropped at 
vary high doses. Seeds of Lathyrus sativus L. were treated 
with gamma rays and methylethane sulphonate (MES) either 
alone and in combinations (Prasad and Das, 1980), The 
frequency of chlorophyll mutations in M2 generation was 
found to be concomitant witVi doses. 
The proportions of the different chlorophyll deficient 
mutants in barley have been reported for aaide, gamma rays 
and dES (Nilan et al ., 1976). Kleinhofs et al . (1978) 
observed the azide spectra for albina, viridis and xantha to 
be somewhat similar to the dES spectra, Kleinhofs et al, 
(1978) further reported that the higher proportion of 
viridis in relation to albina induced by aside as compared 
to gamma rays may be due to the vast difference between the 
two mutagens for induction of chromosome breaks. The 
chlorophyll mutation spectrum in combination treatments with 
sodium aside (NaN3) and sodium arsenite (NaAS02) was the 
same as for EMS alone Thengane (1984). He further noted that 
EMS ••• NaN3 treatment with dry seeds induced chlorina and 
viridis types considerably at higher frequencies and NaN3 
alone induced chlorinas at considerably high percentage. 
Kaval (1969) observed that chlorophyll mutation frequency in 
rice was three times higher with EMS than with radiations. 
Mark! and Blanu (1970) noticed that NMU and EMS were 
more effective in inducing chlorophyll mutations in flax. 
They also recorded a difference in the spectra of mutations 
obtained with different mutagens. Nerker (1977) found that 
EMS and NMU were more effective than gamma rays. He noticed 
that the spectrum and frequency of mutation were highly 
dependent on the nature of the mutagen used. Judging from 
the chlorophyll mutations in the varieties of green gram, 
Sahai (1974) concluded that NMU was the most effective 
mutagen, followed by EMS and gamma rays. However, for viable 
mutations, EMS was more effective than NMU and gamma rays. 
The spectrum and frequency of chlorophyll mutations in rice 
were reported by Rao and Rao (1983). They recorded the 
highest frequency of chlorophyll mutations in MMS treatments 
rather than with gamma rays, Favorl. (1960), while studying 
the effect of X-rays and EMS on four genes causing albinism 
in barley, demonstrated that EMS selectively affected only 
one of the four g«nes, whereas X-rays affected all the four 
genes. The frequency of 'viridis' mutation was found to be 
J. is 
higher as a result of chemical treatments as compared to the 
mutations caused by irradiation which produce higher 
frequency of albinos. 
2.6. Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the mutations 
induced per unit dose of a mutagen, while mutagenic 
efficiency gives an idea of genetic damage (mutation) in 
relation to the total biological damage observed in M^ 
generation. The usefulness of any mutation in plant breeding 
depends not only on the mutagenic effectiveness but also on 
the mutagenic efficiency which measures the mutation rate in 
relation to the biological effect. The criteria for 
measuring the deunage are seedling height, survival, mitotic 
and meiotic chromosome mutations (Konzak et al., 1965). 
Mutagenic effectiveness and efficiency of different 
mutagens vary distinctly. EI has been reported to be more 
effective and efficient than gamma rays (Blixt, 1964), 
whereas dES has been found to be superior to X-rays (Monti, 
1968). NMU was observed to surpass EI and gamma rays in 
effectiveness and efficiency (Debelyi et al., 1975; Yakovlev 
and Agarkova, 1979). Rao and Rao (1983) observed that the 
MMS recorded the higher mutagenic effectiveness than gamma 
rays in two varieties of rice. 
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A comparison of the mutagenic effectiveness and 
efficiency of N-methyl-N-nitroso guanidine (NG) with those 
of gatmna rays, EMS and NMU was made by Siddiq and 
Swamlnathan (1968c). The lower concentrations of these 
mutagens, except NG showed the highest mutagenic efficiency 
and the effectiveness was uniformly high in lower 
concentrations. In sorghum, Ramulu (1970) noted the highest 
mutagenic effectiveness at lower doses of EMS, NEU and X-
rays. He noted that mutagenic efficiency of EMS was higher 
than that of NEU, possibly due to high toxicity of NEU. 
Prasad (1972) found NMU to be a more effective and efficient 
mutagen under low concentrations. In lentil, Shanna (1977) 
noticed a decline in effectiveness and efficiency of the 
mutagens with increased doses of NMU and gamma rays. Nerker 
(1977) studied the effectiveness and efficiency of gamma 
rays, NMU and EMS in Lathyrus and found that based on their 
effectiveness, the three mutagens stood in tVie declining 
order of NMU, EMS and gamma rays. However, on the basis of 
their efficiency, the sequence was gamma rays, EMS and NMU. 
Both, mutagenic effectiveness and efficiency were higher at 
lower doses of the mutagens. It has been noticed that among 
the monofunctional mutagens, while methylating agents are 
more toxic and thus have to be used only at lower 
concentrations (IAEA, 1970), ethylating agents, being less 
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toxic, can be applied at relatively higher concentrations to 
yield more mutations at equimolar concentrations. 
Relative efficiency, effectiveness and factors of 
effectiveness for treated and control populations of two 
rice varieties (Telia hamsa and IR-24) have been reported by 
Rao and Rao (1983). The highest mutagen efficiency was 
recorded with NMU treatment followed by MMS and HA. The 
effectiveness was remarkably high in chemical mutagen 
treatments and markedly low in gamma treatments. Reddjr and 
Smith (1984) studied mutagenic effectiveness and efficiency 
of hydrazine (HZ) and ethylmethane sulphonate (EMS) with a 
local sorghum variety of Texas, TX-414, based on seedling 
injury, sterility and chlorophyll and morphological 
mutations in M2 generation. Based on low seedling injury and 
seed sterility, they found HZ to be a more highly efficient 
mutagen than EMS. 
2.7. Studies on Mj^  parameters 
There are many reports to demonstrate the effects of 
treatment on gearmination percentage and survival of plant 
(Bhaskaran, 1959; Goud, 1965; Rempanna ^ t al., 1969; Khan, 
1979). Observations pertaining to three sets of chemicals 
viz., aziridines, nitro-so-compounds and esters indicated a 
significant reduction in the germination percentage of 
treated population (Kalia, 1984), Cliowdhary (1983) reported 
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a symmetric reduction in germination in all the six wheat 
varieties towards higher doses of gamma rays. Germination 
has been reported to be inhibited by ionizing radiations, 
and the inhibitory effect increases with increasing dose 
(Fautrier, 1976; Harang and Prakash, 1983). 
As a consequence of treatment effect, reduction in 
suirvival has been reported by different investigators, 
(Bhaskaran and Swaminathan, 1962 and Goud, 1965). 
Swaminathan et al. (1962) while working with bread wheat 
reported no change in survival percentage after EMS 
treatments. Dubey (1973) also did not report any change in 
survival of four wheat varieties wViich were exposed to both 
cViemical and ionizing radiations. Kalia (1984) observed a 
significant reduction in survival percentage with different 
chemical mutagens. 
Effect of radiations on pollen fertility in wheat was 
studied by Bhaskaran (1959), Jagathesan (1960), Bhatia 
(1960), Prabhakar Rao (1962) and Chandra (1965). All of them 
noted a reduction in pollen fertility over control, the 
decrease being inversely proportional to doses. In the case 
of EMS, Chandra (1965) observed slightly greater reduction 
in pollen fertility, compared to X-rays. 
The biological effects induced in barley by EMS have 
been measured by plant responses such as lethality, plant 
survival, spike fertility, mitotic and meiotic chromosome 
aberrations in H^ generation (Konzak et al., 1961; 
Swaminathan et al . , 1962 and Elamanna and Natrajaxi, 1965). 
Shaxma (1969) reported that the reduction in seedling 
height showed a direct relationship with EMS dose, the 
maximum reduction occurring at the highest dose. Majid 
(1969) reported that the treatments with gamma rays, and EMS 
(used singly or in combination) resulted in lowered 
germination, survival, growth, pollen and seed fertility in 
LycopersicoTi. 
Pre-irradiated seeds of variety Pusa Baisakhi were 
treated by Chaturvedi and Singh (1981) with EMS (0.1%) and 
KMU (0.01%). They reported that EMS was most efficient for 
germination, NMU for pollen fertility and seedling height, 
and there was a reduction in germination, seedling height 
and pollen fertility with increasing doses of various 
mutagens. A gradual reduction of pollen fertility and seed 
set was noticed by Grover and Tejpaul (1982) while 
subjecting the seeds of mungbean with gamma rays, maleic 
hydrazide (MH) and gamma rays + MH. Pande and Sineh (1983) 
observed that MH reduced the seedling growth and seed 
germination in the varieties of Cicer ar ietinum . 
The seeds of variety T-9 of black gram were subjected 
to different treatments (Single and Combined) of gamma rays, 
HZ and MMC (mitomycin-C) by Bhamburkar and Bhalla (1985) who 
noted a reduction in the germination percentage, seedling 
height, pollen fertility and plant survival with increasing 
dose / concentration with all the treatments. Cheralu and 
Reddy (1985) reported that based on Mj^  biological parameters 
(such as reduction in seed germination, seedling growth, 
plant survival till maturity, pollen fertility and seed 
set), sodium azide (NaN3) was more toxic than hydracine (HZ) 
and showed a decrease in all M-j^  biological parameters with 
increase in concentrations of the both NaNg and HZ in all 
the varieties of sorghum. 
Three varieties of Ricznus coumunis L., treated with 
different concentrations/doeses of EMS, dES, HZ, gamma rays 
and their sequential treatments, a gradual decrease in seed 
germination, seedling height, plant survival at maturity and 
pollen fertility was observed by Athma and Reddy (1988) with 
increasing concentration/dose in Mj^  generation. ' They 
further noted that the extent of decrease for these 
parameters was not equal in three varieties indicating the 
varietal differences. 
The effect of gamma rays and EMS on the seeds of 
Capsicum annum L. was studied by Asha and Nayar (1986). They 
observed that the pollen sterility increased with increase 
in dose and that gamma rays induced a higher per cent 
sterility compared to EMS. Mutagenic efficiency of gamma 
rays, NMU and their combinations was studied by Dixit and 
Dubey (1986) in terms of Mi seedling injury, sterility and 
chlorophyll mutations in lentil variety T-36. They observed 
no correlation between dosage of the mutagens used and the 
Sermination and. seedling height. They further noted that 
combined treatments of gamma rays and 0.02% NMU brought 
about a greater reduction in survival than the individual 
treatment with either mutagen. Khan and Siddiqul (1988) 
treated seeds of Vigna radiata. (L. ) Wilcaek var, K-851 with 
methylmethane sulphonate (MMS) and noted a reduction in seed 
germination and seedling height with increasing 
concentration of mutagen. 
Leaves of mungbean are trifoliate large, ovate, entire, 
and rarely lobed (Boae, 1932). Inheritance of lobed leaf in 
mungbean was studied by Singh and Mehta (1953). Singh (1980) 
reported that lobed lead was dominant over normal type and 
•was governed by a single gene. Incomplete dominance of lobed 
leaf was also reported by Sen and Ghosh (1959). The 
unifoliate mutfmts in mungbean are sterile but vigorous, 
unlike one reported by Jana (1962) in blackgram. Pokle 
(1972) observed a spontaneous mutation in mungbean which was 
under the control of a single dominant gene and produced 
trifoliate leaves with incised leaflets. 
Variations in siae, texture, type and modifications of 
leaf parts were found to be more predominant than other 
characters except the nature of pods (Patil, 1966), That pea 
mutants with increased leaf size have a high yield, was 
reported by Vasileva (1978). In garden pea, mutants cause 
branched tendrils instead of leaflets, and seed production 
is low (Snoad, 1974) and without any agronomic interest 
(Gottschalk, 1973; Gottschalk and Kaul, 1973). During the 
mutagenic studies in Capsicum (Venkatrajam and Subhash, 
1986) presence of needle like narrow lanceolate leaves with 
abnormal floral characteristics was noticed. Axtaari and 
Siddiqui (1986) found variations in leaf shape, lobe 
formation and dentation after chetaical mutagenic treatments 
in Am»i ma jus L. 
2.8. Studies on quantitative characters 
Improvement of cultivated plants largely depends on the 
extent of genetic variability available within the species. 
Mutagenesis had provided a handy tool to enhance the natural 
mutational rate and thereby enlarge the genetic variability 
and increase the scope for obtaining the desired selections. 
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The significance of small mutations in evolution was 
first recognised and emphasised by Baxxr (1924) and later it 
has been studied by many workers in different crop plants. 
Gaul (1965) has emphasised the significance of micro-
mutations in plant breeding by stating that "there appears 
to be no doubt that micro-mutations may effect virtually 
all morphological and physiological characters as do large 
mutations and they might have higher mutation rate than the 
macro-mutations". Several workers have so far reported 
encouraging results about the induction of useful 
quantitative variability in different crop plants via; 
Gregory (1965, 1956) in peanuts, Hawlings e*^  aJ . (1958) and 
Papa et aJ . (1961) in soybeans, Krull and Frey (1961) in 
oats, Brock (1965) in Subterrariean clover and Arabidopsis 
thai2ana, Gustafsaon (1963) in barley, Lawrence (1968) in 
Arabidopszs, Bhatia and Swaminathan (1962), Borojevic (1965) 
and Goud (1967) in wheat, Scossiroli (1962) in corn, Gupta 
and Swaminathan (1967) in toria, Banmlu (1974) in sorghum, 
Aastveit (1967) in rye and Sakai and Suzuki (1964) in rice. 
There is much differences of opinion on the relative 
incidence of induced polygenic variation in the negative or 
positive direction and shift of the mean in M2 and later 
generations. 
Brock (1965) postulated that induced polygenic 
variation follows a path which is opposite to that of the 
previous selection history. The response of an unselected 
character will, however, depend not only on its previous 
selection history but also on, whether it is genetically 
correlated with the selected character (Brock, 1967). The 
works of Brock (1971), Bateman (1959), Goud (1967), Goud et 
aJ. (1971) and Rao and Siddiq (1976) support this 
hjrpothesis. 
On the other hand, Gaul and Aaatveit (1966) have 
suggested that mutations are indeed random but the mean 
shifts in a direction were associated with reduced 
vitality. Reduction in tVie mean values over the respective 
controls accompanied by an increased in the phenotypic 
variaince in M2 and later generations were reported by 
several workers in different crops as Arabidopsis fBrock, 
1967), wheat (Swaminathan, 1965; Borojevic, 1966; Borojevic 
and Borojevic, 1968), barley (Gaul 1964), rye (Aastveit, 
1967), toria (Gupta and Swaminathan, 1967) and brown sarson 
(Kumar, 1972). 
Gregory (1966) held another view regarding the problem 
of shift in mean. According to him, mutations with very 
small phenotypic effect will occur with high frequency and 
will have an equal probability of being positive or negative 
in tVieir effect. He further added that with the removal of 
tnutations of drastic effect, the variance would be reduced 
in correlated character bat largely unaffected in 
genetically non-correlated characters, while the means in 
both instances would be approximately equal to the control 
population. The results of Oka et al. (1958), Hsieh (1959) 
Kawai et al. (1961), Syakudo et ai. (1961) and Yamaguchi 
(1963) showed significant increase in the variance but no 
change in the mean values of some of the quantitative 
characters studied. 
Induced mutations can be used to generate useful 
variation in quantitatively inherited characters where 
appropriate selection has been applied for improvement 
(Scossiroli, 1964; Gaul, 1964; Frey, 1965; Lawrence, 1965; 
GjTogory, 1966; Brock, 1970; Chakrabarti, 1975; Ismail et 
al., 1977; Kaul and Kiimar, 1983). Frey (1969) reported that 
mutagen derived variability for quantitative characters in 
crop plants is heritable and the response to selection is 
good. The researches performed with peanuts, soybeans, rice, 
barley, wheat and oats Viave shown that the genetic 
variability is substantially enlarged in various 
quantitative characters in M2 and subsequent generations 
after mutagenic treatments (Rawlings et s.1., 1958; Williams 
and Hanway, 1961; Swaminathan, 1963; Gregory, 1966; Gaul et 
al., 1969; Borojevic, 1969; Jana and Roy, 1973; Rao and 
Siddiq, 1977). 
Scosslroli et al. (1966), working with wheat, clearly 
brought out that in the treated population the estimates of 
heritability were larger and varied with character to 
character. Johnson e* al. (1955a) suggested the heritability 
estimate together witVi genetic advance to be more useful 
than the former alone in predicting the resultant effect for 
selection of the best individuals. Kaul and Kumar (1983) 
observed high heritability and genetic advance for certain 
quantitative characters in varieties of rice. 
Yield in mungbean is a complex character and is 
influenced by many characters, with the increase in number 
of fertile branches, pods, clusters and seeds per pod and 
100 seed weight, the yield of the plant increases 
simultaneously (Khan, 1982). The studies of Dahiya (1973) on 
two mungbean varieties suggested that mutation breeding 
result in increase of variation for quantitatively inherited 
characters and decrease in general mean of the irraditated 
populations with some exceptions, Rajput (1974) and Rao 
(1982) reported increased variability and positive or 
negative mean shifts for the various quantitative characters 
after mutagenic treatments. Singh <?t al . (1979)observed a 
mean shift towards lateness for days to flowering and 
increased genetic variance after gamma ray irradiation in M2 
population of mungbean. Tickoo and Jain (1979) reported that 
most of induced variability in M2 generation was mainly in 
tVie negative direction whereas in M3 generation it was 
towards the desired direction. Khan (1984c) reported that 
days to flowering and days to maturity were shifted in the 
negative direction whereas plant height, seeds per pod and 
100 seed weight in the positive direction. Verma and Singh 
(1984) reported that in the irradiated population, mean 
days to maturity, plant h-Ciight, pods per cluster and 100 
seed weight increased at all dose levels except with the 
highest dose, i.e., 50 KR. Chaturvedi and Singh (1981) 
irradiated two cultivars of mungbean with various doses of 
gamma rays and observed a significant positive mean shift 
for seed yield per plant. 
Mungbean being a self-pollinated crop, offers may 
opportunities of exploitation of mutations, recombinations 
and of increasing genetic variability in quantitative 
characters. Increase in variability as a result of mutagenic 
treatments was reported by several workers (Dahiya, 1973; 
Rajput, 1974; Shakoor et al. , 1978; Singh ct al . , 1979; 
Tickoo and Jain, 1979; Khan, 1979; Kriahnaswamy and 
Hathinam, 1980; Kundu and Singh, 1982; Khan, 1987a; Khan and 
Siddiqui, 1988). 
ZQ 
Heritability is of interest to plant breeders primarily 
as a measure of the value of selection for particular 
characters in various types of progenies and also as an 
index of transmissibility. Studies of Shakoor et al . 
(1978), Tickoo ^md Jain (1979), Khanuai et al,(1932), Verma 
and Singh (1984) ^md Khan (1984a. 1984b) established for 
mungbean that polygenic variation induced by the mutagens 
could be fixed by selections in the subsequent generations 
and the improvements of various desirable traits could be 
achieved. Estimates of heritability and genetic advance 
increased manifold in the treated populations (Khan, 1988) 
and differed trait to trait in both M2 and M3 generations. 
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Chapter-3 
Materials & Methods 
3.1. Ma1;erials 
3.1.1. Varieties used 
Three varieties of mungbean {Vigna radiata (L.) 
Wilcsek) namely K-861, PS-16 and Pusa Baisakhi were used in 
the present investigation. Seeds of varieties K-851 and Pusa 
Baisakhi were obtained from Dr. A.S. Tiwari, Jabalpur, 
Madhya Pradesh and the seeds of variety PS-16 were procured 
from the Government Seed Store, Aligarh (U.P.). All the 
three varieties are well adapted to agro-climatic conditions 
of Uttar Pradesh (including the site of this study) and are 
popular for cultivation in this region. Informations 
obtained from Prof. D.P. Singh, Project Leader (Pulses), 
G.B. Pant University of Agriculture and Technology, 
Pantnagar, are given below. 
3.1.1-1. Variety K-851 
This variety has been developed at Kanpur, plant 
erect and semi-tall, seeds shining green and average sise, 
uniform maturity in 60-70 days, average yield 10-12 Q/ha. 
3.1.1.2. Variety PS-16 (Pusa Selection-16) 
Released at I.A.R.I., New Delhi, plant is erect 
with medium height, seeds shining green, mature in 60-65 
days, average yield 10-12 Q/ha. 
3.1-1.3- Variety Pusa Baisakhi 
It was developed from a single plant selection of 
variety T-44 at I.A.R.I., New Delhi, semi-spreading to 
erect, seeds dull green, mature in 60-65 days, average yield 
8-10 Q/ha. 
3.1.2. Hotagens used 
Three different chemical mutagens were used in 
this study. Two are monofunctional-aikylating agents, 
Ethylmethane sulphonate (EMS) and Methylmethane sulphonate 
(MMS) and the third one is Sodium azide (SA) - an 
respiratory inhibitor, 
3.1.2-1. Ethylmethane sulphonate (EMS)-(CH30S02C2H5) 
Manufactured by Koch-Light Laboratories Ltd., 
Coinbrook Bucks, England. 
3.1.2.2. Methylmethane sulphonate (MMS)-(CH3OSO2CH3) 
Manufactured by John Baker Inc., Colorado, U.S.A. 
3.1.2.3. Sodium azide (SA) - (NaN3) 
Manufactured by Indian Drugs and Pharmaceuticals 
Ltd. (A Government of India undertaking), Hyderabad, India. 
3.2. Experimental procedures 
3.2.1. Preparation of mutagenic solutions 
All solutions of the chemical mutagens were 
prepared in phosphate buffer of pH 7. Only freshly prepared 
solutions were used for all the treatments. 
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3.2.2. Pre-treatment 
Healthy seeds of uniform sise of each variety were 
used in the present experiments. The seeds were soaked in 
distilled water lor 9 hours prior to the treatment with 
mutagens. 
3.2.3. Mutagen administration 
Concentrations: The following concentrations of 
different mutagens were used for treating the 
pre-soaked seeds. 
EMS : 0.1%, 0.2%, 0.3% and 0.4% 
MMS : 0.01%, 0.02%. 0.03% and 0.04% 
SA : 0.01%, 0.02%, 0.03% and 0.04% 
Sample size : 275 seeds were used for each 
treatment. 
Treatment time: The treatments were given at 
temperature of 27 ± i^ C for 6 hours. 
Controls : For each variety 276 pre-soaked seeds 
were again soaked in phosphate buffer for 6 hours 
to serve as controls. 
To facilitate uniform absorption, large quantities 
of solution of mutagens, approximately three times the 
volume of the seeds (Konaak et aJ., 1965), were used. During 
the treatment, flasks containing the solution and seeds were 
frequently shaken to ensure sufficient aeration. Immediately 
after treatment the seeds were thoroughly washed in tap 
water so as to remove excess mutagen. 
3.3. Method of handling and selection of the treated 
material in different generations 
3.3.1. Mj^  generation 
Three replications of 75 seeds each, were sown for 
every treatment in each variety at the University 
Agricultural Farm, A.M.U., Aligarh. The distance between 
seeds in a row and between the rows was kept 30 x 60 cms 
respectively. Recommended agronomic practices were employed 
for preparation of field, sowing and subsequent management 
of the populations. 
The remaining lot of 50 seeds was used for 
determining percentage of seed germination and seedling 
height i.e. root and shoot length. Seeds of each treatment 
with their respective controls of all the three varieties 
were spread over moist cotton in petriplates. Finally the 
petriplates were kept in the B.O.D. incubator at 27+1 "^C 
temperature with the relative humidity of 975t. 
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3.3.2. Observations recorded in the H^ generation 
A detailed study of the effects of different 
mutagenic treatments in the three varieties was undertaken 
using the following parameters: 
3.3.2.1. Seed germination 
After recording germination counts, the percentage 
of seed germination was calculated on the basts of total 
niamber of seeds sown in petriplates. Seeds which gave rise 
to both radicle and plumule were considered as germinated. 
Wo. of seeds germinated 
Germination (%) - x 100 
No. of seeds sown 
3.3.2.2, Seedling height 
On the 10th day, the seedling height was estimated 
by measuring the root and shoot lengths of 10 randomly 
selected seedlings for each treatment. Seedling injury as 
measured by the reduction in the root and shoot lengths was 
calculated in terms of percentage of root and shoot injury. 
3.3.2.3. Plant survival 
The surviving plants in different treatments were 
counted at the time of maturity and the survival was 
computed as percentage of the germinated seeds. 
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3.3.2.4- Pollen fertility 
Pollen fertility was determined by staining the 
pollen grains with 1% acetocarmine solution. For this 
purpose, 15 plants at random were selected from each 
treatment including their controls for all the varieties and 
finally 5 young flower buds from each plant were used for 
microscopic analysis. Pollen grains which took stain and had 
a regular outline were considered as fertile, while the 
shrunken, empty and unstained ones as sterile. 
The following formula was used to calculate the 
percentage inhibition or injury or reduction: 
Percentage inhibition 
Or Control - treated 
Percentage injury x 100 
Or Control 
Percentage reduction 
3.3.2.5. Morphological abnormalities 
The plants showing abnormalities in cotyledons 
and leaves were recorded in the field. The frequency of 
cotyledonary abnormalities and of the abnormalities in size 
and shape of the leaf in various treatments was calculated 
by the formula given below: 
No. of seedling showing cot./ 
Cotyledonary/leaf leaf abn. 
abnormalities {%) - x 100 
Total no. of M^^ seedlings 
A-6 
3.3.3. H^ generation 
For raising M2 generation, 30 healthy seeds of all 
the three varieties from each normal-looking Mj^  plant of all 
different treatments with their respective controls were 
planted in the plant progency rows. The different treatments 
and controls comprised 30-progenies. The spacing was 
maintained at 30 cm (plant to plant in a row) and 60 cm 
(between the rows) in the field. Three replications were 
maintained in each treatment. 
3.3.3.1. Observations recorded in the M2 generation 
(i) Chlorophyll mutations 
Chlorophyll mutations were scored when seedlings 
were 8-15 days old. They were identified and classified 
according to Gustafsson (1940). 
The frequency of chlorophyll mutations was 
calculated by the following formula; 
Mutation No. of mutant seedlings 
frequency {%) - x 100 
Total no. of M2 seedlings 
(ii) Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the 
frequency of mutations induced by unit dose of a mutagen 
(time X concentration) while mutagenic efficiency represents 
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the proportion of mutations in relation to biological 
damage. 
Formulae suggested by Konzak et al, (1965) were 
used to evaluate mutagenic effectiveness and efficiency of 
the mutagens used: 
Rate of mutation (M^) 
Mutagenic effectiveness -
Duration of treatment x 
Concentration 
Mutagenic efficiency 
Rate of mutation (M^) 
•Biological damage in Mj^  
generation 
•Biological damage : For measuring the biological 
damage, two different criteria 
were used, 
(i) Injury -~ i.e. percentage seedling 
height reduction (Mp/I) 
(ii) Sterility -- i.e. percentage reduction in 
pollen fertility (Mp/S) 
Observations were also made on 20-30 normal-
looking plants of each progeny, for each treatment with 
tVieir controls. The progenies segregating for macromutations 
were not used for such analysis. The following nine 
quantitative characters were thoroughly studied in different 
generations: 
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(1) Days to flowering 
Days to flowering were noted as the number of days 
taken by the plant from the date of sowing to the date of 
opening of the first flower bud. 
(2) Plant height (cm) 
Plant height was measured at maturity in 
centimeters from the base up to the apex of plant. 
(3) Days to maturity 
Days to maturity were noted as the number of days 
taken by the plant from the date of sowing to the date of 
harvesting of the plant. 
(4) Number of fertile branches 
Number of fertile branches were counted at 
maturity as the number of fertile brancVies which had more 
than one pods. 
(5) Number of pods 
Number of productive pods were counted at maturity 
and noted as the number of pods borne on the whole plant. 
(6) Pod length (cm) 
The pods were measured in centimeters and the mean 
for each plant was calculated for pod length. 
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(7) Seeds per pod 
Ten best pods were threshed and number of seeds 
per pod was counted. The mean was calculated for each plant. 
(8) 100 seed weight (g) 
It was the weight of a random sample of 100 seeds 
from each plant. 
(9) Total plant yield (g) 
Plant yield was the weight of total number of 
seeds harvested per plant and the yield of each plant was 
recorded in grama. 
3.3.4. M3 generation 
For raising M3 generation, two treatments of each 
chemical mutagen for each variety were selected which gave 
the maximum total plant yield in M2 generation. The selected 
treatments were, 0.1%, 0.2% of EMS and 0.01%, 0.02% of MMS 
and SA. For each of these treatments, such 10 M2 progenies 
were selected which showed significant deviations in mean 
values in the positive direction from the mean values of 
control, particularly for the yield components under study 
in Mg generation. Seeds from each selected Mo progeny were 
bulked by taking an equal amount of seeds from all M2 plants 
from a single M2 progeny (selected earlier for observation), 
and tlioroughly mixed. Plants showing morphological, 
i'jQ 
chlorophyll and other variations were discarded from each 
progeny. Seeds were taken only from the normal-looking M2 
plants. A remdom sample of this bulk was sown to obtain M3 
progeny. The plant to plant and row to row distance was kept 
the same as in other experiments. Characters studied in Mo 
generation were the same as in M2 generation. 
3.4. Statistical analysts 
Data collected for nine quantitative characters in 
M2 and M3 generations were subjected to statistical 
analysis, to assess the extent of induced variation, as 
indicated below. 
3.4.1. Mean (X) 
The mean computed by taking the sum of a number of 
values (Xj^ , X2 . . . . . X^ )^ and dividing the total number of 
values (N) involved, thus: 
_ ( Xj^, X2» .... Xj^ ) 
X = 
or = • 
N 
N 
where , Xj^, X2, . . . . X^ ^ = Observations 
N = Total number of observations involved 
'.-.I 
3.4.2. Standard error (S.E.) 
S.D. of sample 
where, S.D. - Standard deviation 
N - Number of observations 
3.4.3. Variance 
Analysis of variance was done according to Sokal 
and Hohlf (1969) to find out the variance between the 
families and within the families. The components of variance 
considered were: 
(i) within-family variation in the control and in the 
treated material which was an estimate of 
environmental variation, 
(ii) between-family variation which was an estimate of 
the between-family genetic variation 
3.4.3.1. Genotypic variance { ^  g) 
The estimate of genotypic variance (a g) was done 
by the following way: 
(MSgf) - (MS^) P g 
N 
where, (MSn-f) and (MS^ )^ = mean sum of squares for between 
families and within families or 
error respectively 
N = number of replications 
3.4.3.2. Genotypic coefficient of variation (CVg) 
CV„ (%) - X 100 
3.4.3.3. Phenotypic variance ( ^ ^ p) 
Phenotypic variance was estimated by summing the 
estimated geriotypic -variance {$ g) to the environmental 
variance (MSg or o e). 
3.4.3.4. Phenotypic coefficient of variation (CVp) 
CV_ (%) = X 100 
^ IL 
3.4.4. Heritability (h^) 
It is the ratio of genotypic variance to the total 
phenotypic variance. The broad-sense heritability (h ) was 
estimated by the formula suggested by Johnson et ai. (1955a). 
h^ {%) - ----- X 100 
where, 5 g = induced genotypic variance 
^ t = total phenotypic variance 
( ^ ^ =^2g 4. g'2 ^ j calculated from 
the treated populations 
3.4.5. Genetic advance (Gg) 
The estimates of genetic advance (Gg) with 1% 
selection intensity were based on the formula derived by 
Allard (1960) and modified by Khan (1979). 
Gs = K.SP. yfi 
n 
where, h = broad-sense heritability 
OP = phenotypic standard deviation of 
the mean performance of treated 
populations 
K - 2.64 constant for 1% selection 
intensity 
Gs 
Gs (5^  of X) = X 100 
X 
3.4.6. Test of significance 
The "least significant difference" was applied and 
computed as follows: 
Step-1. Construction of data table for 5 treatments and 3 
xreplicates 
The data were compiled such that each treatment 
occupies a column and their replicates were arranged in 
rows. 
?.'^ T 
Rons Column (Treatments) Number Total of Rows Squares 
(Replicates) ( R e p U c a t e s ) of total 
T, T, T:. T. Tc < Z > of rows 
Rj Aj Bj Cj Dj Ej Aj4-..Ej = Xj ( X j ) ^ 
Ro ft') Bn Co D T E T A'} + I.E'7 = X T tX^/ 
Rr A^ B, C:. Dr E^ A-r + .-E-. = X^ f X ^ ) ^ 
i^  O O O O O J V O O 
Tota l of A , + . . A ^ B , + . . B , C, + . . C ^ D , + . . D ^ £,<- . .£- . ( X , ) ' ^ t . . (X-,)^ 
CDlui»n <S> = Yj = Yj =¥3 =Y^ =Y5 = Wr 
(GRAND TOTAL) 
Y j f . . Y 5 
X J . . . X 3 
=« 
SquareB of (Yj)"^ ( V j ) ^ ( Y j ) ^ ( ¥ 4 ) ^ (Y^)"^ < Yj )^ + . . ( ¥5}^ = Wy 
t o t a l of 
colunns 
( Z> 
Sua of (Ajl^+.-fAj}^ (Bj>^+..(B3)^ {C^}^K.iu'^ (!>,)^+.. (Dj)^ (£,)^+..(E3>^ 
square of 
to 
c o l u i 
t a l of = Z, = ZT = Z , = ZJ = Zc 
^j nn 
Z , + . . Z c = Wz 
Step-2. Correction Factor (CF) 
(Grand total)^ 
CF = 
t.r. 
(Wx)2 
or CF = 
t.r. 
where, t = number of treatments 
r = number of replicates 
Wx = grand total 
Step-3. Total sum of squares (SSQT) 
This is the sum of squares of all the values in 
the table, minus the correction factor. 
SSQT = [(Ai)2 + (8^)2 + (Ej)^] - CF 
or SSQT = Wa - CF 
Step-4. Sum of squares of Treatments (SSQt) 
(Y,)2 + (Yo)^ -t- (Y5)2 
SSQt = CF 
Wy 
or SSQt CF 
r 
where, r = number of replicates 
Step-5. Sum of squares of Replicates (SSQr) 
(Xi)2 + (Xo)^ ^ (Xo)^ 
SSQr = - CF 
t 
Wr 
or SSQr = - CF 
t 
where, t = number of treatments 
Step-6. Sum of squares of Error (SSQE) 
SSQE = SSQT - (SSQt - SSQr) 
Step-7. Estimated variance of Error (MSE) 
SSQE 
MSE = 
(t-1) (r-1) 
Step-8. Least significant Difference, Based on Ordinary 
t-test (LSD) 
'2 MSE 
LSD at 5% level - / x (t-value at 5% level) 
ZUSK 
LSD at 1% level =/ x (t-value at 1% level) 
If the difference between any two sample means 
exceeds the 'least significsmt difference (L.S.D.)' values 
obtained at 6% and/or i% level, the difference between the 
two means is said to be significant at 5% and/or 1% level. 
3.4.7- Correlation coefficient (r) 
A correlation coefficient, a statistical measure 
which indicates association between two or more than two 
characters (say number of pods and plant yield), generally 
denoted by symbol 'r', involves the following steps in 
computation: 
Step -1. Construction of Data Table 
Observations of pair of characters were arranged in 
the table as follows. 
S.No. of No. of Plant 
pairs of pods yield (g) x'=^  Y^ XY 
observation (X) (y) 
1 
2 
3 
4 
5 
Total ZX 2Y JX^ lY^ EXY 
Xl 
X2 
X3 
X4 * 
X5 
Yl 
Y2 
Y3 
Y4 
Y5 
(Xi)2 
(X2)2 
(X3)2 
(X4)2 
(X5)2 
(Yi)2 
(Y2)2 
(Y3)2 
(Y4)2 
(Ys)^ 
XlYi 
^Y2 
X3Y3 
X4Y4 
X5Y5 
Step-2. Computation of the following 
(i) Sum of X-values 'EX' 
(ii) Sum of Y-vaiues ' Z y' 
o (iii) Square of each X-value and their sura 'ZX 
(iv) Square of each Y-vaiue and their sum 'ZY*^ ' 
(v) Product of each pair (X and Y) and their sum 
•ZXY' 
Step - 3. Computation of 'r' values as follows 
NZXY - (ZX) ( Z Y) 
J, -
V [NZX^ - ( ZX^) ] [(NZY^ - (ZY^)] 
where, N = number of pairs of observations 
f.B 
Test, of significance of 'r' 
The 't' test for correlation coefficient was 
applied to determine whether the relationship between two 
characters is really significant or merely due to chance. It 
was computed as follows: 
N- 2 
t = r ' 
I - r2 
Where, r = correlation coefficient 
N = total number of observation 
The observed value of correlation coefficient is 
compared with the tabulated value for (N-2) degrees of 
freedom. If the observed value is more than the table value 
of 't', the relationship is said to be significant. 
ChQpter-4 
Experimental Results 
Results of the present study are elaborated below, 
generation-wise. 
4.1. Studies in Mj^  generation 
The effects of chemical mutagenic treatments were 
studied on seed germination, seedling height, morphological 
abnormalities (such as those of cotyledonary and foliage 
leaves), plant survival and pollen fertility in Mj^  
generation. For identification of variations, the plants 
raised from treated seeds were compared with control 
(untreated) plants. 
4.1.1. Seed germination 
The data recorded on seed germination are 
presented in Tables 3-5. A gradual decrease was observed in 
seed germination with increasing concentrations of mutagens 
in all the varieties. Different varieties responded 
differently to various mutagenic treatments. In the Var. PS-
16, the control gave 98.00% germination. The different 
concentrations of EMS caused a gradual decrease in seed 
germination, the latter being 84.66% with the lowest 
concentration (0.1%) and 69.65% with the highest 
concentration (0.4%) of the mutagen. The other two 
varieties (K-851 and Pusa Baisakhi) also behaved more or 
less identically. 
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In the treatment with SA, the percentage of 
germination declined from 98.00% in the control (Var. PS-16) 
to 60.25% with 0.04% SA. The other two varieties behaved 
similarly. 
Percentage inhibition also increased from lower to 
higher concentrations. In the Var.K-851, the percentage 
inhibition was 8.69 and 41.66 with 0.01% and 0.04% SA, 
respectively. It was 18.02 and 38.52, and 14.12 and 34.74 
with these concentrations in the varieties PS-16 and Pusa 
Baisakhi, respectively. 
In general, the germination started the second day 
after sowing in control in all the varieties. It was 
delayed by more than two days in the lots treated with 
higher concentrations of all the three mutagens used, SA 
showing a more severe effect in all the varieties. The Var. 
PS-16 showed a greater sensitivity to the mutagenic 
treatments. 
4.1.2. Seedling height 
The results on seedling height, presented in 
Tables 6-8, show that all the mutagenic treatments caused a 
reduction in seedling height. The reduction was more 
pronounced in the SA-treated populations than in those 
treated with other two mutagens. Varietal differences were 
such as in the case of germination. Variety PS-16 was 
relatively more sensitive with respect to seedling height. 
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The percentage injury in seedling height, as 
measured by the reduction in tVie root and shoot length of 10 
days old seedlings, increased with mutagen concentrations in 
all the varieties. In the Var. PS-16, the seedling injury 
ranged from 20.07 to 51.73% in the treatments of EMS, and 
15.05 to 56.56% in the MMS treatments. The injury was more 
drastic in SA treatments, ranging from 27.12 to 70.27%. 
4.1.3. Morphological abnormalities at seedling stage 
4.1.3.1. Cotyledonary leaves 
The frequency and spectrum of different 
cotyledonary abnormalities recorded in bi^ generation are 
given in Table 9. The characteristic anomalies of the 
cotyledonary leaves are given below (Plate-I, Figs,1-4), 
Type 1. Seedlings with one cotyledonary leaf 
instead of a pair as in normal case. 
Type 2. Seedlings with an extra cotyledonary 
— — leaf arising-perpendicular to the normal 
pair. 
Type 3. Seedlings with an extra pair of 
cotyledonary leaves, perpendicular to 
the normal pair. 
These abnormalities were recorded in the 
populations of all the varieties treated only with EMS or 
MMS. The frequency in different varieties was found to 
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increase with concentration of mutagens. However, the 
varieties showed differences in magnitude of the frequency-
even at similar concentrations of the mutagens. Types 1 and 
2 were common, being recorded with all the concentration 
except with 0.2% EMS in the varieties PS-16 and Pusa 
Baisakhi. Type 3 was recorded in the three varieties only 
with 0.4% EMS. In the EMS treated population, the pooled 
frequency ranged from 23.57 in the var. Pusa Baisakhi to 
43.85 in the var. K-851, while in the MMS treated 
population, it was 19.50 in the var. Pusa Baisakhi and 32.45 
in the var. K-851. All these abnormal seedlings except type 
1 were normal plants in flowering and set seeds. 
No such anomaly in cotyledons was recorded for •SA 
treatments. The cotyledons were as normal as those of 
control. 
4.1.3.2. Leaf morphology 
Various kinds of leaf abnormalities such as damage 
in shape, size «uid number (uni-, bi-, tetra- and 
pentafoliate) were observed in treated plants (Plate-II, 
Figs. 1-4). However, tlie frequency of these abnormalities was 
greater at the higher concentrations of mutagens in all the 
varieties (Table 10). It was the highest in the var. K-851 
followed by varieties PS-16 and Pusa Baisakhi. Sodium aside 
(SA) treatments did not induce leaf anomaly in any variety. 
A brief account for each type is given below. 
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Harrow leafle'bs: A few plants with narrow leaflefts were 
encountered in the EMS-treated populations of varieties K-
851 and Puaa Baisakhi. Such plants were also noticed with 
MMS in var. PS-16. Hhe reproductive parts were modified into 
green leafy structures. 
Dniloliate: Different treatments of EMS and MMS caused 
leaves to form a single leaflet (the leaf appearing to be 
simple) instead of being trifoliate as in the control. The 
leaves were broader, thicker and with wavy margins, compared 
to those of control. 
Bifoliate: Bifoliate leaves formed with all the treatments 
and in all the varieties, their frequency sViowing a positive 
correlation with the mutagen concentrations. All floral 
parts were modified into leafy structures. 
Hultifoliate: Plants with multifoliate (tetra--and 
pentafoliate) leaves were more frequent at the higher 
concentrations of mutagens in all the three varieties. Such 
plants were vigorous in growth. 
4.1.4, Plant survival 
Data on plant surviva] in M]_ generation recorded 
the 30th day after sowing are given in Tables 3-5. 
Percentage of plant survival was noted to decrease gradually 
fj4 
in all treatments of the mutagens. However, it was dose-
independent. The highest plant survival was observed in the 
controls of all the varieties. All the three varieties 
responded more or less in the same manner. 
4.1.5. Pollen fertility 
Pollen character is one of the important, stable 
and genetically controlled character which may be considered 
for preparing an index to assess the effect of any internal 
or external change in plants. 
Although around 3% pollen sterility was observed 
also in control plants but pollen fertility was dose 
dependent as evident from a proportionate decrease with 
increasing concentration of mutagens in all the three 
varieties (Tables 11-13). In this case, the highest 
percentage of reduction was recorded in EMS followed by MMS 
and SA. The fertility was lowest (64.99%, 66.69% and 66.56%) 
at 0.4% EMS in K-651, PS-16 and Pusa Baisakhi varieties, 
respectively. It ranged from 97.50 to 64.99% in the var. K-
851, 97.00 to 66.69% in the var. PS-16 and 96.00 to 66.56% 
in the var. Pusa Baisakhi. Reduction in pollen fertility was 
maximum in the var.K-851 and minimum in the var. Pusa 
Baisakhi. 
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4.1.6. Effects of mutagenic treatments on quantitative 
characters 
The data on the effect of various treatments with 
EMS, MMS and SA are presented in the Appendices I-VI. 
Statistical analysis was done to find out mean, standard 
error and coefficient of variation for nine quantitative 
characters in all the three varieties. 
It is generally believed that after mutagenic 
treatments, no change is caused in mean and variance in Mj^  
generation. In the present study also, means for all the 
quantitative traits remained practically unchanged, in all 
the varieties. 
Coefficient of variation (CV) was the highest in 
all EMS treated populations followed by MMS and SA. Though 
increase in CV of the treated material was of low 
magnitude, yet it differed conspicuously from character to 
character. The highest increase in CV over the control was 
recorded for fertile branches per plant (26.07%). 
4.2. Studies in M2 generation 
4.2.1. Seed germination 
The germination percentage in control populations 
of M2 generation was approximately equal to that of M^ 
(Tables 14-16). 
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The percentage of germination also decreased in M2 
generation. In the var.K-851, the percentage of germination 
recorded 95.00 in control, 72.00 in 0.4% EMS, 69.30 in 0.04% 
MMS and 62.30 in 0.04% SA. In the var.PS-16, it decreased 
from 98.00 in control to 71.00 in 0.04% EMS, 72.50 in 0.04% 
MMS and 64.25 in 0.04% SA. 96.00% seed germination was 
recorded in the control populations of Pusa Baisakhi and 
76.00% in 0.6% EMS, 70.62% in 0.04% MMS and 68.50 in 0.04% 
SA. 
Although the inhibition percentage increased with 
the increasing concentrations of the mutagens, the increase 
was not higher than in M^ generation, showing that the 
effect of mutagens ceased to some extent in M2. 
4.2.2. Chlorophyll mutations 
Chlorophyll mutations were recorded in the field 
in M2 generation when seedlings were 7 to 15 days old. The 
spectrum of different M2 chlorophyll mutants included; 
albina, xantha, chlorina, maculata, viridis and virescent in 
the three varieties of mungbean after treatment with 
different chemical mutagens. It was observed that in many 
cases the seedlings which initially looked to be normal 
started showing different types of chlorophyll defects at 
tVie later stage of growth. All tiiese chlorophyll deficient 
mutants were lethal except maculata, viridis and virescent 
ti / 
which produced few seeds. A brief description of the 
different chlorophyll mutants is given below. 
Albina: It is a lethal mutation characterised by entirely 
white leaves of seedlings. The seedlings survived for about 
8 to 10 days after germination. 
Xantha: Leaves were yellow in colour. Seedlings showed 
normal growth in the beginning, and survived for 8 to 12 
days only. 
Chlorina: The first pair of leaves in seedlings was light 
green in colour. The emerging leaves were also light green. 
These became darker with the approach of maturity, but never 
regained the normal green colour. Most of these seedlings 
died within 15 days. However, few plants possessed vigour 
and were late in flowering and maturity. 
Maculata:' Seedlings showed yellow or whitish dots on 
leaves. The trifoliate leaves were initially very small. 
These mutants survived till maturity and produced few seeds. 
Viridls: Leaf size was reduced but leaf shape remained 
unaltered. The plants were slow growing and had a reduced 
size and a low seed yield. The mutant was distinguished 
because of its reduced height and viridine green colour of 
leaves. 
6iJ 
Viroscent: Initially these plants were slow growing and 
less vigorous, but gradually regained normal growth and at 
maturity were as vigorous as the normal plants. The 
trifoliate leaves were white or light yellow in colour, with 
patches of yellowish green or green colour that appeared 
gradually. In most cases, these yellowish or light green 
areas completely disappeared and the normal colour was 
regained. Plants were fertile and set seeds. 
4.2.2.1. Frequency amd Spectrum of Chlorophyll mutations 
The frequency and spectrum of various types of 
chlorophyll mutations observed in M2 population are 
summarised in Tables 17-19. The Chlorophyll-mutation 
frequency was calculated on progeny basis as well as on 
plant basis. The trend of the mutation frequency was 
similar in both the methods. Therefore, results are dealt 
with on an Mo plant basis. Although response to chemical 
mutagens in different varieties differed in relation to 
frequency of chlorophyll mutations, var. K-851 appeared to 
produce more chlorophyll mutants than the other two 
varieties. The frequency of chlorina mutants was the 
highest, followed by those of xantha and viridis. It is 
clear from Tables that frequency of chlorophyll mutations is 
dose dependent and increases with concentration of the 
mutagens. A perusal of the Tables revealed that EMS induced 
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the higher frequency of chlorophyll mutations and was 
followed by MMS and SA in all the three varieties. 
4.2.2.2. Hutagenic effectiveness and efficiency 
The mutagenic effectiveness as measured by the 
percentage of chlorophyll mutations divided by the dose of 
the mutagen was as high 769.16 with 0.01% MMS in the var. K-
851 (Table 20), while the highest effectiveness of EMS and 
SA t,reatments was 96.15 and 466.66, respectively, in the 
var. Pusa Baisakhi. The effectiveness decreased with 
increase in concentration of mutagens in all the cases. The 
different varieties responded differently. The order of 
mutagens based upon effectiveness was MMS, SA and EMS 
(Tables 20-22). 
The mutagenic efficiency of a treatment indicates 
the extent of genetic damage recorded in M2 in relation to 
the biological damage caused to the Mj generation. The 
mutagenic efficiency varied depending on the criteria 
selected for its estimation. In the present study, the 
mutagenic efficiency, worked out on the basis of seedling 
injury (Mp/I) and pollen sterility (Mp/s), showed a decline 
with increasing concentrations in all the treatments (Tables 
20-22). 
The mutagenic efficiency as calculated by the 
relation (Mp/I), gave 2.837, 2.822 and 1.140 values for EMS, 
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MMS and SA, respectively, in the var. K-851 whereas in the 
varieties PS-16 and Pusa Baisakhi, the efficiencF values 
were 2.045, 1.845, 0.770 and 2.680, 2.182, 1.032, 
respectively. In general, the efficiency of mutagens in a 
descending order was: EMS > MMS > SA (Table 23). 
The mutagenic efficiency, as measured by the 
percentage of mutated progenies divided by sterility (Mp/S), 
was the highest in EMS treated populations and the lowest in 
SA (Table 23). The efficiency calculated on the basis of 
sterility was generally higher as compared to seedling 
injury. 
On the basis of seedling injury and sterility, the 
EMS was found to be more efficient and SA was less efficient 
in the three varieties in question, 
4.2.3. Plant Survival 
Data on plant survival in Mo generation was 
recorded at maturity (Tables 14-16). Survival percentage of 
M2 plants decreased considerably in the mutagenic treatments 
of all the varieties. However, no particular trend was 
noticed for the per cent plant survival. 
4.2.4. Pollen fertility 
The pollen fertility in M2 generation decreased 
with the increasing mutagens concentrations and consequently 
the sterility increased (Tables 24-26). 
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Compared to control, reduction in pollen fertility 
in the treated population was higher. But it was quite less 
than in h^ generation because in M2 generation the pollen 
fertility showed a recovery. 
4.2.5. Morphological mutations 
The control as well as the mutagenized populations 
were screened for all phenotypically detectable mutations at 
different stages of growth in M2 generation. A wide range of 
morphological mutations were identified in Mo population. 
The extended variability was assessed in terms of mutation 
frequency (Table 27, Plate-Ill, Figs.1-4). These mutations 
were classified on the basis of the trait affected. A brief 
description of the morphological mutants identified is given 
below. 
(i) Mutations affecting plant height 
(a) Tall mutants: These mutants were observed with all theV 
treatments and in all the varieties. Their frequency was 
more at lower concentrations and decreased with the 
increasing concentration. The mutants were considerably 
taller than the control plants, their mean height being 
52.95 cm whereas it was 46.21 cm for the control plants. 
The pods and seed setting was low and seeds were smaller 
in size. They appeared at a frequency of 15.97% of the 
total morphological mutations. 
(b) Dwaxrf and erect mutanlis: These mutants were isolated 
from the higher concentrations of the mutagens used in all 
the varieties. Such plants had short internodes and almost 
all yield components were reduced. The mean height of the 
control was 46.21 cm whereas it was 41.43 cm in the dwarf 
mutant. Their frequency was 11.83% of the total 
morpViological mutations. 
(11) Mutations affecting growth habit 
(a) Bushy mutants: Branching was very profuse in this case. 
Branches were short and the plant height was extremely 
reduced giving it a bush-like appearance. The mean height of 
the mutant was 34.88 cm. Their occurrence was independent of 
dose and they occurred more frequently in the Var. PS-16. 
Frequency of these mutations was 9.46% of the total 
morphological mutations. 
(b) Prostrating mutants: These plants had a tendency of 
lying close to tYie ground at least for some distance and 
then rising up. The plants had sparse branches and a reduced 
vigour was noticed with EMS, MMS and SA treatments. The 
flowering was delayed by more than three days but the yield 
remained unaffected. They appeared at a frequency of 15.77% 
of the total morphological mutations. 
(ill) Mutations affecting growth period 
(a) Late flowering mutants: In these plants, the flowering 
started 8-10 days late and growth period was extended by a 
similar number of days. These mutants were 10.84% of the 
total morphological mutations. 
(b) Early maturing mut«mts: Early maturing mutants were 
recorded in all the treatments and in all the varieties 
studied. However, their frequency was more in EMS treatment. 
These mutants matured 9-12 days ahead of their respective 
controls. Frequency of such mutations was 7.43% of the total 
morphological mutations. 
(iv) Mutations affecting yield 
(a) Increased number of fertile branches'. TViese mutants were 
observed in all the varieties at lower concentrations of 
mutagens. These were characterised by a luxuriant growth and 
large number of flowers. The number of fertile branches per 
plant in control was 5.30, while it was 10.30 in the mutant. 
These mutations accounted for 8.28% of the total 
morphological mutations. 
(b) Increased niunber of pods: In these mutants, the number 
of pods increased over the control. These were isolated from 
all treatments of mutagens and in all the varieties. Even 
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though the seeds per pod and weight of 100 seed did not 
alter, the yield was greater because of the larger number 
of pods. The mean number of pods was 48.31 and 76.90 in the 
control and mutants, respectively. Some 6.65% of the 
morphological mutations were of this type. 
(v) Mutations affecting flower 
(a) Non-flowering vegetative snitants: These mutants were 
noticed in EMS and SA treatments in the varieties PS-16 and 
Puaa Baiaakhi. These mutants did not bear any flower. They 
had an erect and stout stem and continued to grow 
vegetatively by the time other plants were setting seeds. 
Frequency of these mutations was 2.16% of the total 
morphological mutations. 
(b) Albtia (White flower mutants): These mutants were 
obtained with 0.4% EMS in the var. K-851 and 0.2% EMS in the 
PS-16 variety. The control flowers were yellow in colour 
whereas the colour of flowers in these mutants was 
completely changed to white. The frequency as against the 
total morphological mutations was 0.98%. 
(vi) Hutations affecting pod 
(a) Shattering pod nrut2Lnts: Few plants were noticed with 
0.04% MMS treatments in the Var. Pusa Baisakhi. The pods 
started shattering as soon as they matured. Frequency of 
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these mutations was 1.38% of the total morphological 
mutations. 
(vil) Mutations affecting seed 
(a) Bold seed mutants: This type of mutants were observed 
only in the Var. K-851 with 0.2% EMS. The frequency as 
against the total morphological mutations was 1.18%. 
Frequency of morphological mutations 
The highest frequency was noted in the EMS treated 
material (8.35%) and the lowest with SA (6.82%), while MMS 
treatments (7.72%) were intermediate (Table 28). The 
overall frequency of morphological mutations was 7.67% 
(Table 29). The highest frequency of morphological 
mutations (7.94%) was recorded in the Var. K-851, followed 
by 7.82% and 7.24% in the varieties PS-16 and Pusa Baisakhi, 
respectively (Table 29). * 
4.2.6. Quant it at iv<? characters 
The genetic varriability induced for nine 
quantitative characters by chemical mutagenesis was studied 
in the three varieties of mungbean in M2 generation. 
Attempts were made to screen micromutations using 
statistical methods for these polygenic traits. 
/' !••' 
In each treatment, statistical analysis was made 
to determine mean, shift in mean, phenotypic and genotypic 
coefficients of variation, Vieritability and genetic advance 
(percentage of mean). 
(1) Days to flowering 
Data on mean values, shift in mean, phenotypic and 
genotypic coefficients of variation, heritability and 
genetic advance for days to flowering for treated and 
control population are given in Table 30. The mean values 
show both positive and negative shifts from control values. 
TVie positive trend was observed at the lower concentrations 
of the mutagens in the varieties K-851 and PS-16 whereas in 
the var. Pusa Baisakhi, the mean shifted in negative 
direction for all the treatments. In the var. K-861, 0.02% 
MMS and 0.01% SA treatments showed a significant delay 
(p>.0.05) in flowering as compared to the control. The mean 
days to flowering reduced significantly by 5 days with the 
treatments of 0.3% EMS and 0.04% MMS in the var. K-851 
(control mean = 46.43; treatment means = 41.44 and 41.40, 
respectively). 
In general, the phenotypic and genotypic 
coefficients of variation increased in the treated 
populations, the EMS treatment being the most effective in 
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this regard followed by MMS and SA treatments. Though the 
concentrations has increased in a linear order, yet the 
induced genotypic coefficient of variation did not show a 
consistent increase. The highest genotypic variability 
(18.29%) was recorded with 0.4% of EMS in the var, K-851, 
The highest heritability estimates (81.16%) in 
case of EMS treatment was recorded in the var, K-851 with 
0.3% of EMS, whereas in the var. Pusa Baisakhi it was 
maximum (86.13% and 79.57%) with 0.04% MMS and 0.04% SA 
treatments. 
The genetic advance, expressed as percentage of 
mean, varies from treatment to treatment. The maximum 
genetic advance in the treated population of the var. K-851 
was 37.98% with 0.4% EMS treatment, while its values were 
recorded to be the highest (38.49%) at 0.04% MMS and 
(23.99%) at 0.04% SA in the var. Pusa Baisakhi. 
(2) Plant height (cm) 
The data recorded on plant height are presented in 
Table 31. It is clear that all treatments of the mutagens 
used were capable of inducing immense variation in this 
character. The mean shifted only in the negative direction 
in all treatments. Plant height showed a greater reduction 
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in the population treated with SA. The higher concentrations 
of the other two mutagens (EMS and MMS) brought about 
significant reduction in plant height. However, no 
significant reduction was observed in the EMS treated 
population of the var. K-851, 
The phenotypic and genotypic coefficients of 
variation were higher in almost all treatments. It is 
interesting to note that the phenotypic coefficient of 
variation was lower as compared to control in all treatments 
of SA for the var. Pusa Baisakhi. The highest genotypic 
coefficient of variation 17.61% with 0.3% of EMS treatment, 
18.93% at 0.4% EMS and 17.11% at 0.02% MMS were observed in 
the varieties K-851, PS-16 and Pusa Baisakhi, respectively. 
Heritability values varied from 33.41 to 82.87% in 
the var. K-851, 18.37 to 18.34% in the var. PS-16 and 16.99 
to 89.38% in the var. Pusa Baisakhi. For EMS treatment, the 
highest heritability value (81.34%) was recorded in the var. 
PS-16, where in MMS treatment, it was 89.33% for the var. 
Pusa Baisakhi and 82.87% was observed in SA treated 
population of the var. K-851. 
The highest values of genetic advance were recorded 
with 0.3% EMS (var. K-851), 0.4% EMS (var. PS-16) and with 
the treatment of 0.02% MMS in the var. Pusa Baisakhi. 
(3) Days to matvirity 
Table 32 shows tVie effect of mutagenesis on mean, shift 
in mean, coefficients of phenotypic and genotypic variation, 
heritability and genetic advance. The mean for days to 
maturity was shifted towards the negative side in all the 
mutagen treatments. There was a slight decrease in mean 
with almost the lower concentrations employed. However, a 
significant reduction in mean values was observed in the 
higher concentrations of the mutagens. The highest reduction 
in mean was observed in the var. K-851 with 0.3% EMS 
treatment followed by 0.4% EMS in the var. Pusa Baisakhi. 
Reduction in the mean, in EMS treated population, was more 
than in populations treated with the otVier two mutagens. 
The phenotypic and genotypic coefficients of variation 
increased considerably in most of the treatments. A 
relatively higher genotypic coefficient of variation was 
recorded in the treatments of EMS. TViis was compared with 
the material treated with MMS and SA. The highest 
phenotypic (24.56%) and genotypic (19.55%) variations were 
observed at the 0.3% EMS treatment in the var. K-851. 
The heritability estimates increased for all the 
mutagen treatments (except for 0.04% SA in the var. K-851) 
applied to the three varieties and was the highest 84.88% 
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(var. K-851), 70.62% (var. PS-16) and 88.64% (var. Pusa 
Baisakhi). The above observations were made on the EMS 
treated population. The highest heritabiiity values in the 
material treated with MMS were 83.89% in the var. K-351, 
81.52% in the var. PS-16 and 78.87% in the var. Pusa 
Baisakhi. In case of SA treatments, it was 79.22%, 76.91% 
and 47,32% in th^ varieties K-851, PS-16 and Pusa Baisakhi, 
respectively. 
The highest genetic advance (41.07%) recorded with 0.3% 
EMS treatment in the var. K-851 and 11.94% with 0.03% MMS 
and 29.71% with 0.4% EMS treatments in the varieties PS-16 
and Pusa Baisakhi, respectively. 
(4) Number of fertile branches 
The data recorded on number of fertile branches per 
plant are given in Table 33. The mean shifted in both 
directions. In general, there was an increasing trend of 
mean values of tVie fertile brancVies in almost ail the lower 
concentrations of mutagens in all the varieties. 
A glance at the data shows that the phenotypic and 
genotypic coefficients of variation increased with all the 
treatments in all the tViree varieties. The exception was 
noticed at 0.01% MMS in the var. Pusa Baisakhi where the 
phenotypic coefficient of variation was lower as compared to 
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control. The maximum coefficient of genotypic variation 
(45.18%) was recorded with 0.1% of EMS treatment in the var. 
PS-16. 
The heritability increased in all the mutagen 
treatments of the varieties, except 0.3% and 0.4% EMS 
treatments in the var. Pu.sa Baisakhi where it was 
comparatively low against control. The most effective 
treatment with regard to heritability (81.65%) was 0.03% MMS 
in the var. K-851. As to the var. PS-16, the most effective 
treatment was 0.1% EMS which gave a 79.69% heritability. The 
0.2% of EMS treatment gave tVie maximum heritability (76.68%) 
in the var. Pusa Baisakhi. 
The highest value of genetic advance (99.83%) was 
recorded with the treatment of 0.03% MMS in the var. K-SSl. 
It was the highest (106.46%) at 0.1% EMS in the var. PS-16. 
The var. Pusa Baisakhi showed the maximum genetic advance 
(71.81%) with 0.2% EMS treatment, 
(5) Niimber of pods 
The data recorded on pods per plant are presented in 
Table 34. The mean shifted in both positive as well as in 
negative direction, its stretch being more towards the 
positive side. The lower concentrations of the mutagens 
significantly increased the mean number of pods, while the 
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mean was reduced significantly with higher concentrations, 
except for 0.04% SA in the var. K-851 and 0.4% EMS and 0.04% 
SA in the var. PS-16. In general, the mean values increased 
more in the var. PS-16, followed by the varieties K-851 and 
Pusa Baisakhi. 
The phenotypic coefficient of variation was recorded to 
be higher with all the treatments of mutagens, except with 
0,01 and 0.02% SA in the var. PS-16. The genotypic 
coefficient of variation is uniformly high with all the 
treatments and in all the varieties. The highest genotypic 
coefficient of variation (23.47%) was observed with 0.3% of 
the EMS treatment in the var. PS-16. 
The estimated heritability increased with all the 
treatments of mutagens, the highest values obtained 
being 82.51%, 77.63% and 76.76% for the varieties K-851, 
PS-16 and Pusa Baisakhi, respectively, after MMS and EMS 
treatments. 
The genetic advance also showed considerable variation 
for the number of pods per plant; the highest values were 
observed for 0.3% EMS (39.78%) in the var. K-851 and 0.3% 
EMS (54.04%) and 0.4% EMS (46.30%) in the varieties PS-16 
and Pusa Baisakhi, respectively. 
Q' 
(6) Pod lenifth (cm) 
The data on the pod length in different varieties 
showed that most of the treatments were not capable of 
inducing significant differences in the mean pod length 
(Table 35). However, the mean pod length shifted on either 
side of the control mean. The most effective treatment for 
length increase was with 0.2% EMS in the var. K-851 while 
the highest reduction in pod length was noticed with 0.04% 
SA treatment in the var. Pusa Baisakhl. 
It is clear from Table that all treatments (except 
0.02% SA in the var. K-851 and 0.04% SA in the var. PS-16) 
were superior for inducing phenotypic and genotypic 
coefficients of variation. The estimated genotypic 
coefficient of variation for the varieties K-851 and PS-16 
was the highest (9.39 and 8.70 per cent respectively) with 
0.3% EMS treatment. Genotypic coefficient of variation for 
the var. Pusa BaisakJrii was highest (16.56%) at 0.2% EMS. 
It is interesting to note that in most of the treatments the 
heritability percentage was less than control in all the 
three varieties. However, the genetic advance was increased 
with most of the treatments. 
The genetic advance estimates in the varieties K-851 
and PS-16 (12.77 and 11.52 per cent respectively) were the 
highest with 0.3% EMS treatment whereas in the var. Pusa 
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Baisakhi, the higheat value was 24.32% with 0.2% EMS 
treatment. 
(7) Number of seeds per pod 
The data recorded on seeds per pod after various 
mutagenic treatments are presented in Table 36. The shift in 
mean was bi-directional, being more in the positive 
direction. In the mutagenised material, mean values for 
seeds per pod increased significantly at almost all the 
lower concentrations, while the higher concentrations of 
mutagens significantly reduced these values, with a few 
exceptions. 
The phenotypic and genotypic coefficients of variation 
increased with all the treatments in the varieties studied. 
The EMS treatments fetched greater response for this 
character as indicated by the higher values of genotypic 
coefficient of variation. 
The heritability estimates for seeds per pod were the 
highest (79.15% and Bid. 89%) in the EMS and MMS treated 
populations of the var. Pusa Baisakhi, while it was maximum 
(83.93%) with SA treatment of the var. PS-16. 
The genetic advance was maximum (94.70% and 87.06%) 
with 0.04% EMS and 0.03% MMS respectively in the var. Pusa 
Baisakhi, while it was 95,99% at 0.04% SA in the the var. 
K-851. 
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(8) 100 seed weight (g) 
The data recorded for the 100 seed weight showed that 
mean was extended in both directions in the treated 
population (Table 37). The mean 100 seed weight showed a 
slight and significant improvement over the controls at the 
lower concentrations of all the mutagens used. However, 
there was a significant reduction at the higher 
concentrations, with a few exceptions. 
The phenotypic coefficient of variation was increased 
with almost all the treatments of mutagens. The genotypic 
coefficient of variation was higher in the treated 
population as compared to their respective controls. In EMS 
treatments, the highest (26.47%) estimated genotypic 
coefficient of variation was obtained at 0.4% EMS in the 
var. K~851. The MMS and SA treatments gave the highest 
values with 0.04% MMS (16.14%) and 0.04% SA (13.39%) in the 
varieties Pusa Baisakhi and K-851, respectively. 
The mutageniaed population showed an increase in 
heritability over the controls for 100 seed weight also. The 
estimated heritability was the highest (86.66%) at 0.1% EMS 
treatment in the var. K-851 and with the treatments of 0.1% 
EMS (79.88%) and 0.3% EMS (87.97%) in the varieties PS-16 
and Pusa Batsakhi, respectively. 
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The highest estimated genetic advances 56.37% was 
obtained with 0.4% of EMS treatment in the var. K-851, while 
the varieties PS-16 and Pusa Baisakhi gave the highest 
values 35.76% with 0.1% EMS and 58.15% with 0.3% EMS 
treatments, respectively. 
(9) Total plant yield (g) 
The data recorded on yield per plant are presented in 
Table 38. The mean shifted in both the directions in the 
treated material. In general, the lower concentrations of 
the mutagens significantly increased the mean yield per 
plant in all the three varieties. However, it was 
significantly reduced with the lots treated wit?i higher 
concentrations, with few a exceptions. 
The phenotypic coefficient of variation increased over 
controls with all the treatments in the varieties K-851 and 
PS-16, 0.01% SA in the var. PS-16 being an exception. 
However, in the var. Pusa Baisakhi, it was less as compared 
to control in most of the treatments. The genotypic 
coefficient of variation increased considerably in the 
treated population of all tVie varieties used, except with 
0.03% SA concentration in the var. Pusa Baisakhi. 
The heritability estimates increased in the three 
varieties, indicating that significant gains could be 
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expected from selections. The heritability values were at 
their highest (84.85, 85.28 and 60.67 per cent) in the 
varieties K-851, PS-16 and Pusa Baisakhi, respectively. 
The genetic advance increased appreciably in the 
mutagenised populations. The highest values were 67.20, 
14.88 and 26.26 per cent in the varieties K-851, PS-16 and 
Pusa Baisakhi, respectively. 
4.3. s/Studies in M3 generation 
The variability induced by EMS, MMS and SA in 
different quantitative characters of three varieties of 
tnungbean was also studied in M3 generation, 
4.3.1. Quantitative characters 
(1) Days to flowering 
The data recorded for days to flowering in Mo 
generation are given in Table 39. The mean flowering time 
was reduced with all the treatments except 0.01% MMS in the 
var. K-851 where it increased as compared to the control. 
The mean values of the treated population differed 
significantly (p20.05) from the controls. However, MMS 
treatments (0.01 and 0.02%) had no significant effect on the 
mean flowering time in the var. Pusa Baisakhi. The time 
occurred 4 days earlier, compared to controls, at 0.2% EMS 
in the var. K-851. 
88 
>> 
r-l 
•H 
Xi 
ta 
•p 
•H 
V4 (0 
A 
M 
fl 
0 • 
•H (3 
•P 0 
(8 -H 
•r* +2 V< (fl 
« >4 
>. 4J 
C 
«H «J 
0 Ul 
^J CO 
Id S 
0 •(-! 
•H 
<H till 
«H 0 
4) -H 
0 (>( 
0 dJ 
J 
" 0 
0 
• H tfj 
>> 
•p 0 
«H TS 
tu (0 0 
«H 
/•*s / *s 
Itxi W 
' - ' t ; ' ) 
s ^ 
V] 
§s 
^ 9 
> • 
T) 
S"* 
« 0 
«H 4) 
0 fi 
P n tiD 
c? 
+3 TJ 
g§ 
•H 
+3 ^ 
WN 
M ,c: 
S.f' 
. 0> 
CO 
V 
r H 
^ 
« H 
d 
• CO 
• 
• J 
, - " * i 
IX 
<H 
0 
a« 
N * ^ 
to 
C5 
^ 
S^ 
OJ 
rfi 
'^^  
Ci<? 
« > * • 
tffl 
> 
o 
-^ ^ 
s^  
• w ^ 
ft 
> 
o 
| X 1 
!M 
• H 
•r l 
^ CO 
w 
t.0 
+1 
f) (t) 
4) 
r 
+3 
>^  
•p 
iT3 
«J 
>^  E-< 
r-l 
U ) 
CO 
1 
tid 
IS 
•p 
4) 
• r l 
(0 
l> 
u : ^ 
S) c~-
• ;C CJD 
II II 
i'^ *? 
U") t H 
CM O OD 
C- U") t S 
T-H CO CO 
CO CV) 03 
CD CO CT) 
U-) CO U-3 
» - (« - ( t - l 
"^ UO CJ 
CD 1-t (35 
^ CO OJ 
" * CJD CXD 
1-1 CO CS 
•<*• t~ O 
r - l 
cs -^ c-§ C7> CS 
S i CM ^ f 
1 1 
CO -- ( •<»' 
CO Q C7) 
ca -H S) 
+1 +1 +1 
t ^ CO ca 
l O CD UO 
c - - i ^ CO 
^ xj* "^ 
t.Q CO 
s x: 
-H W W 
0 
^ 
+J i<? d« 
C w W 
u cs ts 
0 ) CO 
Q «-• 
CO UO 
II II 
3« ^ 
O »-4 
CO t ~ 
CT) UO 
C\J CO 
(S ^ 
»-l fO 
CO CS 
v\ Oi 
<:si S) 
t-H S i 
CO CO 
CM U-) 
CD CD 
CO CD 
CD t ~ 
t H CM 
t-4 CO 
+ 1 
C- 05 
Q CO 
r~* ca 
+1+1 
CO ca 
^ - CO 
CO ' ^ 
•<# r f 
CO in 
s s SE 
i-« 5« 
T - l CM 
sj^a 
ca ca 
C M C -
t - t •t-A 
CO UO 
II I I 
i« a< 
UO T-< 
CD S 
0) S 
»-l CM 
»-t (35 
CM CO 
CO UO 
» - | T-) 
l O t H 
S i CT) 
CM y* 
r f 05 
CD C-
UO "O* 
CO •>* 
I*-) • * 
CM CO 
1 1 
•ef OO 
• ^ CO 
caca 
+1+1 
s f CO 
ta ^ 
l O " * 
M» •>* 
<< CQ CO 
5« S« 
T-4 CM 
j a s i 
(a ca 
to 
1 
g 
> t 
+5 
4} 
•rt 
S 
>• 
C O •<»• 
00 S i 
r-\ n 
II I I 
5< a< 
ca CM 
t ~ CD 
»H CM 
It II 
lo (a 
»-< C73 
1-1 r-t 
II I I 
UO »H 
t-t U") C~ »H M< UO UO 
CD t- t-< CM Ca CD CD 
CO U5 C-
CD 0> lO 
CO lO 05 
rH U5 ^ 
CO .H T»« 
CM "1^  U) 
lii Si 05 
C- 05 00 
tv, CD 
rf Sf 
Si 1-1 CM 
I I 
lO CD 
QO ^ -
CO OO 
CO c~ It M< r-
CM CM CM CM CM 
CO 
-.qt •.# 
Si CM 
1-t CM 
CO CO 
OO CO 
I I 
CO CO 
CM 
CO 
CD lO 
1-4 CM 
00 
CM 
CO CO 
CM 
Ul t~ Si OO CO CO CD 
CO S! 
Si m 
I I 
t - CM CD 
CM uo 'sr 
Si Si Si 
+I+ I+ I 
S) CO n< 
CM t ~ r~t 
00 CO CD 
CO CO CO 
'-^ W W 
+5 S« 4< 
« r-l CM 
O S l S l 
• O CM 
CO CM 
Si Si 
+1+1 
CO 05 
CD CO 
CO CO 
tn tn 
i-< CM 
SlSJ 
SI Si 
rr CD 
CM CM 
Si Si 
+1+1 
c^ SJ 
C~ CO 
CO CO 
<< 
U) CO 
1-1 CM 
SJSi 
SI SI 
r-i CD 
li") CsJ 
t- l CM 
CO CD 
d 
0 
0 
o 
42 
tlOl 
5< 
0*1 
> 
IX 
•H 
X 
CO 
w 
to 
+1 
a 
(6 
a 
•p 
H 
CM CO CO u-> r-t « 
U U 11 II II II 
UO r-l uo »-< UO »-l 
CO (^ 5 !S! C~ "-I r e CO 
C7) O CO r-H CO •>«f CD 
UO CO CO C- C- CD 1*0 
C73 i-< CM 
»H ?S t*") 
CM CO CO 
CO CO CO 
uo en 
CM CM 
CO CO 
CO UO 
t - UO 
CO CM 
1 
4) 
•rl 
CD CO CD 
en en -tr 
CO UO UO 
CO CM CO 
05 CO ' * 
CD C2 05 
t - l 
CD ""J* 
C~ CO 
M* • * 
•sr uo 
CO •<»' 
00 CO 
^ ^ 
CO r-t 
05 00 
C~ C~ 
5 1 CO c~ 
I S CM t ~ 
t a CM Cvj 
1 1 
rj* t s CO 
UO CD CD 
IS S) <S! 
+I+I+I 
t a t~ CO 
»-* CO CO 
C75 CD CD 
CO CO CO 
CO CO 
22 23 
r-l W W 
0 
•p J« ^ 
(3 t-l CM 
o i s i s 
CD CO 
C~- C\3 
i-( CM 
1 1 
CD t o 
UO u-> 
ca Si 
+1 +1 
"O* t^ 
CO CO 
t - CD 
CO CO 
CO W 
§^ 
^ i^ 
t-* CM 
tsca 
IS ca 
CO t ~ 
CO CO 
r - l T-l 
1 1 
CO CD 
rj" -tC 
C2 IS 
+1+1 
C~ CO 
C- CM 
C^ C-
CO CO 
< < CO CO 
« 4e 
r-l CM 
i S f S 
(Si«S 
0 C 
•H 0 
1 +5 -H 
1 (d p 
1 -H <SS 
1 i;^  -H 
1 iO U 
1 > 
1 «H 
1 0 «H 
1 0 
1 p 
1 C P 
1 OJ C 
1 -H 0) 
1 O -H 
1 -H V 
1 m - H 
1 <W t H 
1 0) "w 
1 0 V 
1 0 0 
1 0 
1 0 
1 -H 0 
1 P c H 
1 N ft 
1 p N 
1 0 P 
1 fl 0 
1 0) C 
1 X 4; 
1 Oi C3 
1 1 1 
1 0< Cifi 
1 > > 
1 O O 
All TOUtagenic treatments increased the phenotypic 
and genotypic coefficients of variation in the three 
varieties, the values varying with different mutagenic 
treatments. 
The estimated values of heritability and of the 
genetic advarice increased in the mutagentaed population. 
However, they did not show a consistent increase with dose. 
(2) Plant height (cm) 
Table 40 reveals that the mean values for plant 
height decreased in the varieties K-851 and Pusa Baisakhi. 
But a slight increased in the mean values was observed in 
all the treatments of the mutagens used in the var. PS-16. 
In the var, K-851, a marked reduction in plant height was 
noticed with 0.01% of SA, whereas in the Var. Pusa Baisakhi 
the plant height reduced significantly with 0,2% EMS and 
0.01% and 0.02% SA treatments. 
The phenotypic and genotypic coefficients of 
variation increased in almost all treatments. The highest 
genotypic coefficient of variation was recorded in the EMS 
treated population. 
The values of heritability were higher in the 
Var. Pusa Baisakhi in comparison to other two varieties 
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(K-851 and PS-16). The highest heritability estimates of 
41.00% was obtained after treatment with 0.1% EMS. The 
genetic advance was similarly affected. 
(3) Days to maturity 
The data on days to maturity are presented in 
Table 41. The mean was shifted in the negative direction in 
tVie mutageniaed populations. Most of the mutagenic 
treatments significantly reduced the mean days to maturity 
in all the three varieties, 
TVie phenotypic coefficient of variation was 
recorded higher in the treated populations. The genetic 
parameters did not show much variation in any of the 
treatments of the mutagens used against control. On the 
whole, the EMS treatments resulted in larger variation in 
the three varieties with few a exceptions. 
(4) Number of fertile branches 
There was an increase in the mean values of the 
fertile brancVies in both the selected treatments of the 
mutagens (Table 42). The mean values were also significantly 
higher than the controls. The EMS treatments were more 
effective in increasing the mean values than the other two 
mutagens (MMS and SA). 
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The phenotypic as well as genotypic coefficient of 
variation was also high in the treated material. The highest 
coefficient of phenotypic (45.88%) and genotypic (41.09%) 
variability was recorded with the treatment of 0.2% EMS in 
the var. PS-16. 
In the present investigation, heritability 
estimates were observed for 0.02% MMS (71.84%) and 0.2% EMS 
(80.13%) in the varieties K-851 and PS-16, respectively, 
while the other variety (Pusa Baisakhi) gave the highest 
value of heritability (38.33%) at 0.01% MMS. The genetic 
advance was most pronounced in the EMS treated 
population followed by these treated with MMS and SA. 
(5) Number of pods 
A comparison of number of pods in the treated and 
control populations (Table 43) shows that the mean value 
increased in all the treatments of EMS, MMS and SA in the 
three varieties. The mean values for the treated population 
differed significantly from thte control. 
The phenotypic and genotypic coefficients of 
variation were increased in all the treatments of the 
mutagens. The highest genotypic coefficient (16.36%) was 
observed with 0,2% EMS treatment in the var. Pusa Baisakhi 
followed by the var.K-851 (10.79%) treated with 0.1% EMS. 
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The highest heritability estimates (85.40%) was 
recorded for the EMS treatment in the var. K-851. The other 
two mutagens, MMS and SA, gave the highest value (79.63 and 
81.72 per cent respectively) in the var. PS-16. 
High heritability coupled with high genetic 
advance was recorded in most of the treatments of the 
mutagens used. 
(6) Pod length (CIQ) 
From the data presented on pod length (Table 44) 
it may be inferred that the mean values of the treated 
population did not differ significantly from the control in 
most of the mutagenic treatments. 
As regard the genetic parameters, the variability 
was higher with the EMS treatments followed by one with MMS 
and SA treatments. However, the heritability estimates was 
lower in comparison to control in number of treatments, the 
genetic advance increased with all the treatments of the 
mutagens except 0.2% EMS in the var. K-851. 
(7) Number of seeds per pod 
The data in Table 45 reveal that there was a 
significant increase in the number of seeds per pod, 
compared to control, in all the treatments of the mutagens. 
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Values of the coefficient of variation (phenotypic 
and genotypic), heritability and the genetic advance 
increased with each treatment of the three varieties. The 
highest values of Vieritability observed were 83.66, 83.69 
and 34.54 per cent in the varieties K-851, PS-16 and Pusa 
BaisakVii respectively. In general, EMS treatments gave 
higher values of the genetic advance, compared to the MMS 
and SA treatments in the varieties used. 
(8) 100 seed wei^t (g) 
The data recorded for 100 seed weight showed that 
the mean values increased significantly with each treatment 
(except 0.01% SA in the var. Pusa Baisakhi) of the varieties 
used (Table 46). 
The genetic parameters increased in the treated 
population as compared to the control. The values of 
heritability were the highest (83.77, 85.29 and 78.67 per 
cent) in the varieties K-851, PS-16 and Pusa Baisakhi 
respect ive1y. 
The 0.1% EMS treatment gave the highest value of 
the genetic advance (33.42 and 25.70 per cent) in the 
varieties K-851 and Pusa Baisakhi, respectively, whereas in 
the var. PS-16 the highest value (35.98%) was with the 0.02% 
MMS treatment. 
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(9) Total plant yield (g) 
The data on the total yield per plant, given in 
Table 47, show that there was a general increase in the mean 
value for each treatment in the three varieties. The mean in 
the treated population significantly differed from that in 
the control. 
The phenotypic and genotypic coefficients of 
variation, heritability and genetic advance increased in the 
three varieties after the mutagenic treatment. The increase 
in the genotypic coefficient of variation, heritability and 
genetic advance was higher withi 0.2% EMS treatment in the 
varieties K-851 and PS-16, whereas in the var. Pusa 
Baisakhi, 0.1% EMS treatment gave the maximum values of 
genetic parameters. 
4.4. Screening of high yielding mutants 
The details of the mutants isolated in M3 
generation and of their parents are given in Table 48, 
Plates-IV.V, Figs.1-6. 
Since yield per plant is the most desirable 
character, certain mutants which were distinctly much 
superior to the others with regard to seed yield per plant 
were selected in M2 generation and grown in progeny rows in 
Mg generation and were evaluated not only for the seed yield 
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but also for other characters. The frequency of occurrence 
of mutants plants was rather low, considering the large size 
of the M2 population raised. 
The data on mean values, range, s?iift in mean, 
coefficient of variation, heritability and the genetic 
advance of different mutants and parents in M3 generation 
are presented in Tables (49-51). Selections from M2 
generation for higher mean yields in Mg generation showed a 
range of 15.50-18.50 g (K-851-A), 16.00-17.00 g (K-851-B), 
16.81-17.96g (PS-16-A), 12.50-14.81 g (Pusa Baisakhi-A) and 
12.21-13.00 g (Pusa Baisakhi-B) yield per plant in 
comparison to the control which gave the range of 7.26-
9.50 g (var. K-85i), 12.20-13.50 g (var. PS-16) and 9.24-
10.21 g (var. Pusa Baisakhi) yield per plant. This was 
recorded for the treatment of EMS with concentrations of 
0.1% and 0.2%. The mutant PS--16-B (0.01% MMS) has given the 
highest plant yield of 18.85 g in M^ generation, having a 
range of 18.00-19.54 g yield per plant. The mutants K-851-D 
and Pusa Baisakhi-D were selected for the highest plant 
yield performance ranging between 15.00-17.29 g and 12.00-
13.94 g, respectively with 0.01% SA treatment. The mean 
yield of these mutants was 16.02 g and 12.82 g as against 
their respective controls which gave the mean plant yield 
8.61 g and 9.74 g. 
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All these mutants isolated for a higher plant 
yield, have also shown higher values for the number of 
fertile branches and pods per plant as compared to the 
control. Coefficient of variation (phenotypic and 
genotypic), heritability and the genetic advance for the 
number of fertile branches, number of pods and the total 
plant yield also recorded to be higher in all these mutants. 
The characters, namely, days to flowering, plant height, 
days to maturity and pod length showed no significant 
difference between the controls and the selections made in 
the different treatments. However, the characters, seeds per 
pod and 100 seed weight differed significantly from the 
control. 
The results of phenotypic correlations among 
various characters pairs of the mutants isolated in Mg 
generation are presented in Tables 52-54. 
Variety K-851 
Positive and significant correlations were 
observed between the number of fertile branches and pods 
except K-851-D (0.01% SA) and number of pods and the total 
plant yield except K-a51-B (0.2% EMS) with all the 
mutagenic treatments. However, number of fertile branches 
showed a significant correlation with the total plant yield 
in all the treatment (Table 52). 
96 
Variety PS-16 
Positive and significant correlation between the 
number of fertile branches and pods and the number of pods 
and the total plant yield was observed in both EMS and MMS 
treatments. However, only EMS treatment sViowed significant 
correlation between the number of fertile branches and the 
total plant yield (Table 53). 
Variety Pusa Baisakhi 
A significant increase in positive correlations 
between the number of fertile branches and pods, the number 
of fertile branches and the total plant yield and the number 
of pods and the total plant yield was observed. The 
exception is Pusa Baisakhi-D (0,01% SA) where the number of 
fertile branches and the total plant yield and the number of 
pods and the total plant yield showed no significant 
correlation (Table 54). 
The high yielding mutants isolated from different 
treatments of the mutagens show some clrianges, a negative 
correlation between the number of fertile branches and pods, 
number of pods and the total plant yield in the control 
population of the var. K-851; number of fertile branches and 
the total plant yield, number of pods and the total plant 
yield in the var. PS-16, and number of fertile branches and 
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•the -total plant yield in the var.Pusa Baisakhi were changed 
to positive correlation by the mutagenic treatments. In 
general, the magnitude of significant positive correlations 
was Viigher in EMS treatments followed by MMS and SA in most 
of the character pairs. 
Chapter-S 
Discussion 
Mutagenesis has been a convenient and adequately 
effective tool for induction of variability in crop plants. 
The variability so generated, is considerably large and 
quite helpful in selection procedure (Gregory, 1956 and 
Khan, 1988). The study of biological damage in terms of 
lethality, seedling growth depression, survival at maturity, 
frequency of chimeric plants, pollen and seed sterility in 
Mt generation, chlorophyll and viable mutation frequency in 
Mp generation, are generally used to evaluate the mutagenic 
sensitivity of the biological system under study. The 
sensitivity of any biological system to a particular 
mutagenic treatment depends on various factors such as: 
1. Properties of biological systems; 2. Chemical properties 
of the mutagen; 3. Concentration of the mutagen; 4, Duration 
of treatment; 5. Temperature; 6. Hydi'ogen ion concentration; 
7. Catalytic agents; 8. Pre and post-treatment conditions. 
In the present investigation, the immediate effects of 
mutagenic treatments measured in teriTis of seed germination, 
seedling height, plant survival at maturity, and pollen 
sterility in the populations emerging from the treated seeds^/ 
of all the three varieties were studied extensively. 
It was observed during mutagenic studies that EMS, MMS 
and SA bring about a reduction in seed germination, seedling 
height, pollen fertility and survival at maturity. Such 
reductions, with an exception of survival were found to be 
dose dependent. Earlier studies of Hsieh (1959), Yamaguchi 
(1964), Miah et al . (1966), Sahu and Kumar (1978) and 
(Haauhan (1982) have shown a linear relationship between the 
dose of the mutagen applied and the parameters mentioned 
above. In legumes, the dose response in manifesting 
sensitivity to different mutagens as measured by 
germination, seedling growth, survival, chromosomal 
aberrations and sterility was demonstrated by Gregory 
(1955), Blixt et al. (1960), Patil and Bora (1961), Sojodin 
(1962), Blixt (1964) and Santos (1965). 
Seed germination in mungbean decreased with the 
increasing concentrations of mutagens but the extent of 
decrease in germination differed in different mutagenic 
treatments. Seed germination was found to be affected more 
adversely in the different concentrations of SA ranging from 
0.01 to 0.04%, Sylvia and New Combe (1970), Rajput (1973), 
Dahiya (1973), Shakoor et al. (1978), Ganguli and Bhaduri 
(1980) and Subrcuaanian (1980) observed a depressed 
germination after the mutagenic treatments in mungbean, 
whereas Fuji and Matsumura (1958) found the ^germination 
percentage enhancing at certain dose levels. Sinha and 
Godward (1972) noticed stimulatory effect in germination 
3 &{.'' 
percentage at the lowest does level. Heringa (1964) showed 
that, in peas, germinatioa capacity was greatly reduced 
after EMS treatment. 
Several workers have attempted to explain the causes 
responsible for inhibition of seed germination. Griffiths 
and Johnson (1962) and Srivastava (1979) considered the 
reduction in germination percentage to be due to the 
weakening and disturbances of growth processes. 
It has been observed that mutagens, besides reducing 
the percentage of seed germination, also cause a remarkable 
delay in the initiation of seed germination. Delayed 
germination, as observed in the present investigation, has 
also been reported in other plants following mutagenic 
treatments (Pearson et al. , 1975; Veleminsky ^t al. , 1977; 
Rao, 1983). The germination delayed by more than two days in 
the lots treated with high concentrfitions of mutagens may be 
attributed to inhibition of the mitotic proliferation in 
root and shoot meristems. 
The survival of plants decreased appreciably in the 
mutagenic treatments in all the three varieties of mungbean, 
however, there was no direct relationship between the 
concentrations of mutagens and the survival. Swaminathan et 
ai- (1962), while working with bread wheat, reported no 
change in survival percentage after EMS treatments, and so 
was done by Dubey (1973). However, a linear relationship 
between survival and the dose of mutagen was observed in 
rice (Siddiq and Swamirxathan, 1968a; Michaelsen and 
Navaratna, 1968), Kalia (1984) observed significant 
reduction in survival percentage with different chemical 
mutagens. 
The reduction in survival percentage of the treated 
populations could be due to disturbed physiological 
processes or chromosome damage leadirig to mitotic arrest. 
Sojodin (1962) considered that the embryonal damage due to 
mutagen became apparent at later stage.r3 of ontogenesis. 
The seedlings raised from the treated seeds show a 
decreasing trend, from lower to higher concentration of 
mutagen, in root emd shoot length. Similar results were 
reported earlier in different crop plants such as barley 
(Konzak et dtJ. , 1961), wheat (Scaraacias et al . , 1961) and 
Brassica napus (Fowler and Stefansson, 1972). The extent of 
decrease in seedling height with increase in the 
concentration of mutagens was not uniform in the three 
varieties studied. Such a differential response has been 
reported earlier also (Bhatia, 1960; Kawai and Sato, 1965; 
Goud, 1967; Reddy, 1974; Khan, 1979; Khan and Siddiqui, 
1988). 
(I'l.-' 
Varioas work'i'irs have att^ jmpL<;d to explain the 
phenomenon of the reduced seedling growth. Gray and Scholes 
(1951) arid Lea (19iJ5) suggested that it could be due to the 
uneven damage to the meristematic cells as a consequence of 
genetic injury. The badly damaged cell.-a would produce only a 
few cell progeny and growth will recar from those cells 
which are least damaged genetically Thoday (1951) and Kvema 
and Sparrow (1961) opine t.hat the chromosomal damages and/or 
inhibition of ceil division are the chief causes of a 
reduced growth. 
Another group of workers believe that changes in auxin 
level in a plant axe basically responsible for the reduced 
growth. Halvey and Shoub (1965), Gupta and Samata (1967), 
and Goud and Nayar (1968) demonstrated that seedling growth 
depression may be due to inhibition of auxin synthesis. 
Gunkel (1957) and Natrajan (1958) observed inhibition of 
meiosis) in growtVi primordia and attributed it to auxin 
destx-uction. Skoog (1955), Haskins and (Chapman (1956) and 
Cherry et al. (1962) suggest that changes occurring in the 
specific activity of several enzymes by treatments of 
different mutagens h.3ve an adverse effect on growth rate. 
Whatevex- be the causes of the reduced seedling height, 
the facts remain that the chromosomes carrying various genes 
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responsible for life processes and expressions are one of 
the most sensitive organs, and damage to any part of these 
vital and tiny organs is bound to go a long way to bring 
about various physiological and metabolic disorders which in 
turn will bring about several morphological and growth 
abnormalities in the plant or plant organs. 
Variations ta shape, sise and number of cotyledonary 
leaves as observed in mungbean are the common effects of 
mutagens, confirming the results obtained on rice (Yamagata, 
1966; Bose and Chowdhury, 1968), sorghum (Ramulu, 1970), 
maise ((Ttiandrashekhar and Reddy, 1971), soybean (Lee and 
Halloraaa, 1975), lentil (Sharma and Kant, 1975) and mungbean 
(Chaturvedi and Singh, 1981). 
The factors responsible for tVie induction of these 
cotyledonary abnormalities due to mutagens are not well 
known. However, it was known that anomaly in the proportion 
of growth hormones in the treated materials may be 
responsible for tViese cotyledonary abnormalities (Napp-Zinn, 
1955). According to Dovreux and Mungnozza (1964) the 
general disturbanccj in metabolic pathway due to irradiation 
may be one of the important factors responsible for such 
abnormalities. Grover and Virk (1984) held a similar opinion 
for the occurrence of the chromosomal aberrations. 
i0'l 
The presence of a single cotylendonary leaf in some 
seedlings may be due either to cytochemical disturbances or 
to the acute chromosomal aberration leading to the death of 
leaf primordia or of the embryonal cell responsible for leaf 
development. The formation of an extra cotyledonary leaf, on 
the other hand, indicates the formation and involvement of 
additional leaf primordia or the embryonal cell. 
Development of abnormal leaves was among the most 
common abnormalities noticed in almost all treatments of EMS 
and MMS, seemingly increasing with the concentrations of the 
mutagens. Previously, the causes for these abnormalities 
were attributed to the mutagenic treatment to different crop 
plants such as Brassies napus (Fowler and Stefansson, 1972), 
Vigna sinensis (Ram Mohan, 1979; Sadashlva Reddy et al. , 
1984), Uxgna mungo (Apparao and Jana. 1976), and Vigna 
radiata (Chaturvedi and Singh, 1978; Chandra et al., 1978; 
Grover and Virk, 1984). 
Factors responsible for the induction of leaf 
abnormalities are not very well known. Rao (1972) reported 
that the leaf abnormalities were due to severa] 
environmental factors such as fertility and availability of 
water and the degree of luxuriance during growth. However, 
Hagen and Gunkel (1958) found that concomitant with the 
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occurrence of leaf anomalies, the free amino acid content of 
the leaves increased. Blixt (1972) stated that leaf 
aberx'ations seemed to be closely related to the actual 
mutation process and these are moat easily induced in 
leguminous plants. The altered metabolism as a result of 
cellular damage may also be one of the reasons for leaf 
abnormalities. 
In the present investigation, varying degree of pollen 
sterility has been observed in different concentrations of 
the mutagen. Although some three per cent pollen sterility 
occurred in control plants also, the magnitude of sterility 
increased with the mutagen concentration. Similar reports 
have been made earlier by Yamaguchi (1964), Majid (1969), 
Sajput (1973), (niandra et al. (1978), Khan (1979), and 
Ganguli and Bhaduri (1980). The descending order of the 
amount of pollen sterility induced by the three mutagens is 
EMS, MMS and SA. The high pollen sterility and low frequency 
of meiotic abnormalities in case of EMS treatment of barley 
seeds were attributed by Sato and Gaul (1967) to small 
undetectable deletions or gene mutations. Fahmy and Fahmy 
(1957) demonstrated the high ability of alkylating agents to 
produce deficiencies of a cryptic nature. Das (1957) 
stressed that in addition to chromosal aberrations, some 
genie and physiological changes might have caused sterility. 
. i'.i<:.T 
In most cases, meiotic abnormalities are responsible 
for pollen sterility (Rana and Swaminathan, 1964; Sinha and 
Godward, 1972; Ramanua, 1974), because meiosis is more prone 
to any conceivable type of disturbances (Darlington, 1937; 
SKazison, 1957). The percentage of pollen sterility was 
relatively much less in M2 generation than in H-^, indicating 
that some sort of recovery mechanism must be operating in 
the intervening period. Similar observations were made by 
Katiyar (1978) on Capsicuw . 
In contrast to many reports (Lai, 1975; Sharma, 1977; 
Sahu and Kumar, 1978; Khan, 1979; Mallikarjunaradhya and 
(Thazinabregowda, 1981) no appreciable cViange was noticed in 
the mean value for quantitative characters in Mj generation. 
This- was because In our study, macz-omutational variants were 
excluded from the assessment of means in H-^ and data were 
recorded on normal-looking plants otily.^ 
The chlorophyll mutation frequency is useful in 
assessing the potency of a mutagen. Hence, scoring of 
chlorophyll mutations has proved to be a much dependable 
index for evaluating the genetic effects of the mutagenic 
treatments. A comparison of chlorophyll mutations indicates 
that the frequency of chlorophyll mutations recorded in M2 
generation was concomitant with dose. Similar dose dependent 
increase in the chlorophyll mutations frequency was reported 
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by Gaul (1964) in barley, Blixt et al. (1966) in peaa, 
Gupta and Yashvir (1975) in Setaria italics and Nerker 
(1976) in Lathyrus sativ'us . However, Khan (1979) suggested 
that the frequency of chlorophyll mutations in mungbean is 
dose independent. 
A wide spectrum of chlorophyll mutants was recorded 
including, albina, xantha, chlorina, macalata, viridis and 
virescent in Mo generation. The results are in conformity 
with the similar previous studies (Dahiya, 1973", Khan, 1979; 
Grover and Virk, 1984). 
The present investigation revealed that EMS induced the 
highest frequency of chlorophyll mutants in all the three 
varieties of mungbean. EMS induced chlorophyll mutations 
have been reported in peas and Ler,s esculenta (Wellenaick, 
1966 and Dhlik, 1972). Swamlnathan et al. (1962) proposed 
that such a high frequency is due to the preferential action 
of EMS on chlorophyll development genes located near 
centromere. EMS is supposed to be specific to certain 
chromosomal regions (Goud, 1967) containing genes for 
chlorophyll development and has been reported to induce high 
frequencies of chlorophyll mutations (Natrajan and Dpadhya, 
1964). 
The frequency of chlorophyll mutations induced by SA 
was much less as compared to EMS and MMS. The low 
chlorophyll deficient mutation frequency may be due to the 
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inhibition of catalase and peroxidase and the increase in 
peroxide concentration in the cell (Kleinhofs et stJ, , 1978). 
Nilan et al. (1973) observed that the greater effectiveness 
of azide in the acid form Is probably due to a better 
penetration of the cell membranes by the neutral HN3 
molecules. 
Blixt (1964), Seringa (1964), Wellensick (1965), Monti 
(1968), Siddlq and Swaminathan (1968a), Prasad (1972), 
Nerker (1977) and Sharma and Shai-ma (1979) studied the 
effectiveness and efficiency of various mutagens and 
concluded that alkylating agents are more effective and 
efficient in inducing mutations. Siddlq and Swaminathan 
(1968b), Prasad (1972), Nerker (1977), Farook and Nijsam 
(1978) reported that the lower doses of mutagens were moire 
efficient and effective, compared to the higher doses, 
Mutagenic effectiveness is an index of the response of 
a genotype to the Increasing dose of the mutagen. The order 
of the mutagenic effectiveness as determined on the basis of 
mutated plant progenies was MMS, SA and EMS, All the three 
chemical mutagens were found to be effective at lower 
concentrations. The decline in the mutagenic effectiveness 
recorded at higher doses shows that the increase in mutation 
rate was not proportional to the increase in the doses of 
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various mutagens. Similar results were obtained by Gupta and 
Yaahvir (1975) forSetaria italica, by Nerker (1977) for 
Lathyrus satit^us and by Singh and Chaturvedi (1980) for 
Vigna radiata. 
The mutagenic efficiency indicates the extent of 
genetic damage recorded in Mo generation in relation to the 
biological damage caused in H-^ . As reported by Ramulu 
(1970), Sharma (1977) and Nerker (1977) the mutagenic 
efficiency decreased with increasing dose of all tVie 
mutagens in our study also. The greater efficiency at lower 
doses is because the biological damage generally increased 
with the enhancement in the dose at a higher rate than the 
mutations yielded in Mg at the same dose (KonHak et al., 
1965). This can be taken as an established fact for almost 
all situations. 
The lowest efficiency was recorded in SA and the 
highest in EMS, MMS being intermediate. The results indicate 
that the efficiency calculated on the basis of sterility was 
higher as compared with that based on seedling injury. This 
trend was obtained in all the three varieties of mungbean, 
except for seedling injury in the var. K-851. Gaul et al, 
(1962) reported tVxe mutagenic efficiency to be related to 
\ ii") 
sterility and further observed that the lower the dose, the 
higher the efficiency. This is because the lower dose may 
cause relatively less damage, enabling the organism to 
express the induced point mutations successfully. The 
sterility induced by chemical mutagens, more particularly by 
alkylating agents was not found in many cases to be 
associated with chromosomal abnormalities (Bansal and 
Natrajan, 1965). Prasad (1968) observed that NMU induced 
minimum visible mitotic changes in Triticum durum^ but 
resulted in a very high degree of sterility. It appears that 
gene mutations may be responsible for such sterility, 
although the cytologically undectable cryptic structural 
changes may also contribute to some extent. 
Efficiency of the mutagens differed in the three 
varieties. Chandola (1968) and Goud et al. (1970) reported 
that the genetic architecture of the organism is a potent 
factor in determining its response to mutagens. Varietal 
differences in relation to mutagenic efficiency have also 
been reported by Gupta aixd Yashvir (1975) in foxtail millet. 
Besides chlorophyll mutations, several morphological 
mutants, exhibiting change in their morphological features, 
were isolated on the screening of M2 populations. These 
mutants differ from control and also among themselves in 
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heights, growth and flowering habits. The frequency of 
morphological mutants differed in different mutagenic 
treatments and also among the varieties. The range of such 
mutants was relatively wide with EMS treatment followed by 
MMS and SA. The segregation pattern and breeding behavior of 
these mutants were not tested in M3 generation. Various 
investigators suggested that such mutants might bo either a 
result of pleiotropic effects of mutated genes or a cryptic 
chromosome deletion. Many such morphological mutants have 
been extensively studied in different crop plants such as 
Phaseolus vulgaris (Marghitu, 1972), Pzsu» {Gottschalk, 
1966; Blixt, 1972), Lycopersicor, (Khankar, 1974), Capsicum 
(Subhash et al.^ 1981), Cajarius cajan (Chary and Bhalla, 
1988) and Phaseolus V/UTIQO (Jana, 1962). 
Verma (1969), Dahiya (1973), Singli and Chaturvedi 
(1980), Subramanian (1980) and Virk (1980) have recovered 
various types of qualitative and quantitative mutants in 
mungbean,, It is commonly known that nearly all the mutated 
genes show a negative selection value. According to 
Gottschalk (1987), an agronomically useful trait is part of 
a pleiotropic pattern, so it can not be used for breeding 
purposes in those cases where a negative trait belongs to 
the same pattern. The selection value of a mutant gene is 
not a constant but a varying criterion which depends largely 
on different internal and external factors particularly the 
climatic factors. The isolated mutants In the present 
investigation exhibited negative selection value; these 
might be useful to plant breeders, as a source of many 
beneficial genefj, in combination breeding programmes. 
However, a few mutants can be improved through selection by 
eliminating some of the undesirable characters. 
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Improvement of the cultivated plants largely depends on 
the extent of genetic variability available within the 
species. Variability observed in the existing germplasm 
collection owes its origin to such initial spontaneous 
mutations that were able to survive under specific 
environmental conditions and their subsequent 
recombinations. Mutagenesis has proved to be a handy tool to 
enhance the natural mutational rate and thereby enlarging 
the genetic variability and increasing the scope for 
obtaining the desired selections. Particularly, induction of 
micromutations in the polygenic system, controlling the 
quantitative characters is important for crop improvement. 
The best use of micromutation breeding comes from the 
extensive works of Gregory (1965) and Gaul et al. (1969). A 
substantial improvement in yield following selection in 
irradiated populations was demonstrated by these workers. 
Some optimistic conclusions regarding the potential value of 
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induced micromutatioiis for crop improvement were drawn by 
other workers (Guatafsson, 1947; Rawlings et al, , 1958", Koo, 
1962; Griffiths and Johnson, 1962; Scossiroli, 1965; Brock, 
1965; Goud. 1967; Swaminathan, 1969; Rajput, 1974; Raul, 
1980b; Kaul and Kumar, 1983; Khan, 1986). 
TVie degree of success in the genetic improvement of 
particular traits in crop plants depends on the magnitude of 
the genetic parameters and the breeding methodology adopted. 
Since most of the economically important characters are 
influenced by environment, estimates of genetic parameters 
like genotypic coefficient of variation, heritability and 
genetic advance in per cent of mean are needed to formulate 
suitable breeding procedures and to foresee the 
possibilities up to which a particular trait could be 
improved. 
In the present study, data on nine quantitative 
characters, namely, days to flowering, plant height, days to 
maturity, number of fertile branches, number of pods, pod 
length, number of seed per pod, 100 seed weight and total 
plant yield were analysed quantitatively to assess the 
extent of induced variability in M2 and M3 generations of 
the three varieties of mungbean. 
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Opinxons differ regarding the direction of mutations. 
Gaul (1965) and Aastveit (1966) hold that the induced 
polygenic mutations do not follow any particular direction 
but occur at random. According to Bateman (1969), Brock 
(1965) and Goud (1967), the polygenic mutation always 
follows a particular direction oppo.yite to the previous 
history of selection. The characters selected previously for 
an intermediate mean would be expected to respond to the 
mutagenic treatment without subsequent selections with an 
increase in the variance but no change in the mean. 
The variation observed for all the nine quantitative 
characters due to mutagenic treatments indicates the 
potential usefulness of mutation breeding for the 
improvement of thi .'^  pulse crop. TVie extent of variability 
produced by the three chemical mutagens differed in their 
action Enlargeraejnt m range of variability for plant yield 
and its attributc-3 such HS number of fertile branches, 
number of pods and also 100 seed weight for the three 
varieties of mungbean in M2 -^i^id Mg generation of the treated 
populations is indicative of the wider scope for selection. 
Although mean shifted on either side of the control mean, 
most of it went towards the positive side in the case of 
number of fertile branches, number of pods, 100 seed weight 
and plant yield. Dvaring mutagenesis, if mutations occur at 
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random for the quantitative characters, no significant 
change is expected in the mean values. The above 
observations on yield components give us the idea that more 
positive mutations had occurred for these characters 
resulting in the shift in mean values in the positive 
direction. 
The mean flowering time increased or decreased 
significantly after the mutagenic treatments. Flowering was 
early by 4-days with 0.2% of EMS treatment for the var. K-
851 in M3 generation. The early flowering was also reported 
by Ramakanth et. al. (1977), Bhattacharya and Bairagi (1982) 
and EChan (1984a)- Kaul (1980a) suggested that the mutation 
of two dominant genes to their recessive forms makes for an 
early flowering in peas. Oka et al, (1958) reported that 
the average number of days to flowering was not altered much 
in some of the treatments indicating that the mutations in 
major and minor genes had been in both the directions i.e. 
for earliness as well as for lateness. Sharma and Salni 
(1969) reported that the direction of mutation depends upon 
the genotype, character under study and the dose applied. 
The decrease in mean values, is presumably due to the 
predominant incidence of micromutations for early flowering. 
The adverse effect of the mutagens on plant height was 
clear in all the three varieties of mungbean. The treatments 
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of SA at various concentrations gave the maximum reduction 
in plant height in all the three varieties in both 
generations except the var. PS-16 in M3 generation where it 
was slightly increased as compared to control. The extent of 
reduction in growth is related to the mechanisms of action 
of a given mutagen. As a respiratory inhibitor, azide may 
inhibit an energy system resulting in the inhibition of 
mitosis which can be associated with seedling growth 
depression. The reduction in mean plant height was reported 
also by Goud et al. (1969) in ragi, by Bajaj et al. (1970) 
in Phaseolus vulgar is , and by Rajput (1974) in mungbean. On 
the other hand, Ismail et al. (1977) reported a slight 
increase in plant height after treatments with EMS in broad 
bean, 
The data obtained on days to maturity resulted in a 
significant gain in reducing the maturity period by 
approximately 4-days with 0.2% EMS and 0.02% MMS treatments 
in M3 generation. The mean of days to maturity was 60.50 and 
59.87 in EMS and MMS treatments, respectively, whereas in 
control, it was 64.40 for the var. K-851. Similar gain of 
reducing days to maturity is notice with the treatment of 
0.2% EMS in the var. PS-16, giving a mean value of 58.20 
days in contrast to 62.67 days in the control. The EMS 
treatments seems to be more effective in reducing the 
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maturity period in mungbean. Khan (1983) reported similar 
findings in mungbean. 
The mean number of fertile branches and pods per plant 
increased simultaneously in M2 and M3 generations resulting 
from the treatments with mutagens. It can be safely 
concluded that the number ot fertile branches aire correlated 
with the number of pods per plant. The treatment of EMS with 
0.2% concentration gave the mean number of fertile branches 
to the tone of 11.00 compared with 6.10 in the control. 
Also, the mean number of pods per plant increased to 67.33, 
whereas the mean of the control was only 48.67. This was 
obtained in M3 generation of the var. PS-16. The var. Pusa 
Baisakhi with a similar treatment gave the highest mean 
values of 10.57 for the number of fertile branches and 
67.20 for the number of pods per plant in contrast to 
control which produced 7.50 as the mean for branches and 
54.83 as the mean values for pods per plant. The var. K-851 
behaved somewhat differently. 
The author is of the view that the increase in the 
number of pods per plant in the present investigation is 
obviously due to an increase in the number of flowers. 
Flower shedding was not noticed in the three varieties 
studied. The period from the start of flower bud formation 
to the production of pods took two weeks. As the pod started 
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forming, there was no fresh flowering. If, can also be said 
without any doubt tViat tVte number of pod sets were higher 
in thft lines whichi produced large number of flowers. All 
these three characters vis., number of pods per plant, 
number of fertile branches and fiumber of flowers seem to be 
highly correlated. 
An increased number of pods was also reported in 
Phaseolas vulgaris (Mujeeb, 1970), Cicer ar ietinua (Bhatlil 
et al., 1970) and i'tgua rddiata (Dahiya, 1973; Rajpu-t, 1974; 
Khan, 1983). 
The different treatments of the mutagens do not make 
much dent in the mean pod length in any of the three 
varieties of mungbeaa. It seems to be a very s-table 
character. However, large podded mutants were obtained with 
certain mutagenic treatments where the mean pod length 
exceeded 6.86 cm, ia contrast to the mean of the control 
remaining at 5.92 cm. It was also observed that these large 
podded mutants could not contribute towards seed yield as 
the total number of pods plant" was much less in comparison 
with pods measuring in length only 5.92 cm. The mean pod 
length was not affected significantly in any direction which 
could be due to the occurrence of polygenic mutations with 
'plus' and 'minus' effect equally distributed. Similar type 
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of results were obtained by Kumar (1972) aad Rajput (1973). 
On the contrary. Khan (1985a, 1985b) reported a significant 
shift in the mean pod length. 
The meari number of seeds per pod increased slightly in 
the different mutagenic treatments in all the three 
varieties of mungbean in both generations. However, a 
negative shift was noticed with the higher treatments in M2 
generation. Reduction in the mean number of seeds per pod 
has been reported by Rawlinga et al. (1958) in Glycine wax, 
by Gregory (1965) iti Arachis hyp<?gea, by Bhatti et aJ. 
(1970) in Cicer ar ietinum , by Bottino and Sparrow (1971) in 
Phaseolus limertsis, and by Rajput (1974) and Khan (1979) in 
Phaseolus aureus. Khan (1985a) ' assumed this depressive 
effect to be due to the high seed sterility induced by the 
higher doses of mutagens. Bhatia and Swaminathan (1962) 
attributed such an effect to the incidence of detrimental 
mutations in higher frequencies. 
The character of 100 seed weight is a reliable source 
of measuring yielding ability in pulses. Contrary to the 
findings of many workers such as Ghafoor et al. (1968) In 
barley, Miah et al, (1971) and Jana and Roy (1971) in rice 
and Abidi and Baq (1971) in Brassica co»pestrzs, in the 
present investigation, 100 seed weight has shown a very 
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significant increase from the control with most of the 
treatments in the tViree varieties of mungbean. The increase 
in mean values ih due to the predominant incidence of 
favourable mutabionij in the treated populations (Khan, 
1986). This character has been reported to be governed by a 
relatively ymal L^ r number of genes, unlike otVier polygenic 
traits (Syakudo and Kobori, 1958; Ghoae et al. , I960). 
Earlier studies on mutation breeding in crop plants 
such as soybeans (Papa et ai-, 1961), oats (Griffiths and 
Johnson, 1962), wheat (Swaminathan, 1963; Scoasiroli, 1964; 
Borojevic, 1969), barley (Gaul, 1963, 1967) and rice (Jana 
and fioy, 1973; Chakrabarti, 1975) brought out a reduction in 
mean values for plant /ield when compared to the control, 
although Tickoo and Jain (1979), Chaturvedi and Singh (1980) 
and Khautt (1986) found positive mean shifts in mungbean. The 
m<='an plant yield, xn the present investigation, has shown 
significant positive shifts with almost all the mutagenic 
treatments in the tViree varieties. 
The GA treatments were effective in raising the seed 
yield by 2-3 g per plant. This is true for all the three 
varieties vis., K-851, PS-16 and Pusa Baisakhi. The 
application of EMS, at concentrations of 0.1 to 0.2% with a 
stepwise increase,pushed the seed yield ahead. The maximum 
.21 
yield per plant is approximately 20.00 g as against 10.00 g 
in the control. A similar study made by the use of MMS is 
comparable with that made with EMS. 
The efficiency of the chemical mutagen could be because 
the .seeds treated with these mutagens are first soaked in 
water for 9 hours. Th^ growth initials in the embryo in seed 
have already started their mitotic activity and may be in a 
better position to respond to a mutagenic effect. 
Borojevic (1965), while studying the effect of thermal-
neutrons and gamrna rays in Triticum vulgare , observed an 
increase in the M^ means, possibly in consequence of the 
purposeful elimination of all mutants which produce 
abnormal-spike morphology and fertility prior to Mg 
generation. Ramulu (1974) exercised selections for normal-
looking plants in Mo and for grain yield in M3 generation; 
the increa.se in mean values of the treated population in Mo 
and M^ in comparison with the control mean, might be due to 
the elimination of aberrant plants and also to the genetic 
nature of the changes induced after the mutagenic 
treatment. Increase in the mean values in M2 and M3 
generations reported by Khan (1984c) might be due to 
recovery effect in the successive generations. Bhatia Bud 
Swaminathan (1962), working with wheat, concluded that the 
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mean of the irrctdiated population where no selection has 
been applied with regard to the specific character under 
study tends to <?o down in comparison to the control. 
Scossiroli et al. (1966) reported that irradiation of wheat 
seeds reduced the mean of the quantitative characters in H-^ 
and M2 generations, whereas in M3 this increased the mean. 
They concluded that this change was a consequence of the 
elimination of undesirable genes and partly of a recovery 
from a transmitted radiation induced damage independent of 
chromosomal genes, Gaul et al. (1969), working with barley, 
found an increase in the mean yield of the grain from M3 to 
Mg and concluded that the self improvement in the irradiated 
population was mainly the result of natural selection on the 
mutants with reduced vitality. 
In the present investigation, increase in the mean seed 
yield per plant may be due to the selection of normal-
looking plants in M2 generation which could lead to 
elimination of the aberrant plants, and also due to the 
genetic nature of the changes induced after the mutagenic 
treatments. 
The mean plant yield increased in M2 generation except 
at higher concentrations of the mutagens, and in M3 
generation there was a complete positive trend in the mean 
values of seed yield per plant in all the treatments given 
to the three varieties of mungbean. A better perfordnance for 
yield and yield components in M3 generation may be because 
quite a number of aberrant plants are eliminated in M2 
generation itself. Oka e^ &I. (1958). Kao e* al, (1960) and 
Gaul (1964) have suggested that the selection process should 
be delayed until M3 or later generations following the 
mutagenic treatments. Yoshida et ai. (1969) reported that 
M3 and M4 selections are by no means inferior to M2 
selections. In the present investigation, the performance of 
M3 appears to be .superior to Mo generation. 
The data reveal that mutations affecting the 
quantitative characters are not at random in all the 
varieties studied. This may be because all the three 
varieties had not reached its peak in performance and still 
retained the capacity for effectively utilising mutagenic 
changes in the positive way for yield and its components. 
This may be connected with the history of selection of these 
varieties which consisted of only hybridization to the best 
of our knowledge. 
The quantitative characters studied in the present 
investigation showed a wide range of phenotypic variation. 
The magnitude of the phenotypic variation, however, does not 
reveal the relative amounts of heritable (genetic) and non-
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heritable (non-genetic) components of the variation. This 
was ascertained with the help of some genetic parameters, 
such as, genotypic coefficient of variation, heritabilitjr 
and genetic advance in per cent of mean. The estimates of 
genotypic coefficient of variation and heritability of 
various quantitative characters are essential (Falconer, 
1960; Kaul and Bhan, 1974; Kaul and Garg, 1979; BChan, 1989) 
since they indicate the degree of stability to the 
environmental fluctuations and the potential 
transmissibility of a character from parent to offsprings 
and from generation to generation. The study of components 
of variance revealed a fact that all the mutagenic 
treatments used in the present investigation, have induced a 
higher genotypic coefficient of variation for various 
polygenic traits and the degree of increase has differed 
with the mutagenic treatment and the character under study. 
In general, EMS treatments induced the maximum genotypic 
coefficient of variation in all the three varieties followed 
by MMS and SA treatments. The genotypic coefficient of 
variation was recorded to be higher for yield and yield 
components while it was comparatively lower for other 
characters such as days to flowering, plant height, days to 
maturity and pod length in M3 generation. The genotypic 
coefficient of variation for days to flowering, plant height 
and days to maturity was higher in M2 i^i comparison to M3 
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generation. Diffe-rences in the expreaalon of variability in 
different generations have been reported by Borojevic and 
Borojovic (1968) in TritLcum aestivum . Efficient use of the 
indu^ ^^ ed variability in breeding through selection would be 
possible when the generations in which maximum variability 
is likely to be released are known. The studies of Dahiya 
(1973), Rajput (1974), Shakoor e^ aK (1978), Singh et al. 
(1979), Tickoo and Jain (1979), ChaturvedL and Singh (1980) 
and Khan (1984c) have revealed an increase in the genetic 
variability of quantitatively inherited characters in the 
mut,agon treated populations of mungbean. In general, Gregory 
(1955). Rawlings et al. (1958), Oka <5t al. (1958), Kao et 
al- (1960), Blixt (1961), Swaminathan (1963), Gaul (1965), 
Frey (1965), Ramulu (1974) and Kaul and kumar (1983) 
reported induced genetic variability following mutagenic 
treatments in various crops. 
In the present investig£ition, genotypic coefficient of 
variation did not increase with the concentration of the 
mutagen. These findings are in agreement with the results 
reported earlier by (Kaslmet al,, 1977; Khan, 1989). 
Genetic variability was reported to increase in barley with 
the increasing dose of gamma rays (Gupta, 1970); the 
relationship between dose and variance was not linear in 
rice (Yamaguchi, 1964). Gonzalez and Frey (1965) concluded 
that the magnitude of tVie induced genetic variability was 
( ..•'••'.. 
influenced by the character and the genotype treated. Lack 
of a consistent dose-response relationship niay be due to an 
additional uncontrolled environmental variation (Conger e-t 
al., 1966). Daly (1960, 1973), in two separate studies on 
Ara^bidopsis thaliaria , has contested that the genetic 
alterations induced by gamma rays reflected by the increased 
variance in quantitative traits was oxygen dependent. 
The genotypic coefficient of variation indicates the 
range of genetic variability shown by the plant character 
and helps to compare the genetic variability present in 
various characters. However, with the help of genotypic 
coefficient of variation alone it is not possible to 
determine the amount of variation that is heritable. The 
heritable portion of variation can be found out with the aid 
of heritability estimates (Swarup and Chaugale, 1962). 
Heritability is of interest to plant breeder primarily, as a 
measure of the value of selection for particular character 
and also as an index of transmissibtlity. The heritability 
is a property of not only a character but also of the 
population and the environmental circumstances to which the 
individuals are subjected to. Since the value of 
heritability depends on the magnitude of all the components 
of variance, a cViange in any one of these may affect it. 
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From the studies of Oka et al. (1958). E^vlings et al. 
(1958), Williams and Banway (1961), Papa et al. (1961), Frey 
(1965), Kaul and Kumar (1983) and Khan (1988) it appears 
that the quantitative variability induced by mutagens is as 
heritable as that obtained from hybridization. 
The character such as the number of fertile branches, 
number of pods, seeds per pod and 100 seed weight were found 
to have a high heritability. However, a few, like days to 
flowering, plant height and days to maturity had 
comparatively lower heritability estimates. As in many other 
crops, yield in mungbean is also subjected to a high degree 
of non-heritable variability which results in lower 
estimates of heritability percentage. In the present 
investigation, heritability estimates for yield were 
moderate. Similar results have also been reported by Ghandhi 
et al. (1964) in wVieat, Sharma et al. (1966) in barley, 
Pokhriyal et al. (1967) in pearl millet and Bhargava et al. 
(1966) and Khan (1984c) in mungbean. But, lower heritability 
for yield has generally been reported by earlier workers in 
some other crops, such as pearl millet (Burton, 1951), wheat 
(Weibel, 1956; Rikka and Jain, 1958), soybeans (Johnson, 
1958), rice (Nei, 1960; Kaul and Kumar, 1983) and sorghum 
(Swarup and (Jhaugale, 1962). The disparity in results could 
be because heritability is a property not only of a 
character but also of the population, environment and the 
circumstances to which the genotypes are subjected to 
(Falconer, 1960 arid ICaul, 1980b). In another report Kaul and 
Bhan (1974) suggest that all the genetic components are 
influenced by gene frequencies (which differ from population 
to population according to the history of the population) 
and by the environmental variance, since more variable 
conditions reduce heritability and more uniform conditions 
increase it. Hamblin and Rosielle (1978) reported that intra 
genotypic competition can either decrease or increase the 
apparent additive and dominant variance and affect 
heritability estimates. 
The heritability estimates for all the quantitative 
characters under study have increased over the controls 
except for a few instances, particularly for pod length, 
where heritability of the treated population was lower than 
the control. The decrease in heritability in some of the 
treatments indicates that, even though genetic variance has 
increased with the mutagenic treatment, the ratio of its 
increase was not at par with the total phenotypic variance 
which also increased. Different mutagenic treatments have 
exhibited differential degree of heritability values for 
each metric character. In general, yield and yield 
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components have exhibited highly increased heritability 
values with EMS treatments except in few cases. 
The high heritability estimates in the qunatitative 
characters have been found to be useful for selecting 
suitable types based on their phenotypic performance. The 
data in general, indicate a relatively higher estim.ated 
heritability for such characters as number of fertile 
branches, number of pods, seeds per pod, 100 seed weight and 
seed yield per plant in M3 generation of the treated 
population of the three varieties. The increased 
heritability values in M3, in comparison to M2 generation, 
may be due an increased homozygosity of the genes involved 
(Khan, 1979). 
A rational approach towards the improvement of any crop 
plant involves selection. A selection within the base 
population and utilization of the selected material would 
produce germplasm and tViat will result in the desired 
ideotypes. Johnson et al. (1955a) advocated that 
heritability estimates alongwith genetic advance is usually 
more helpful than the heritability value alone in predicting 
the resultant effects of selection. This is probably because 
Vier it ability estimates are subject to genotype environment 
interactions (Lin et al., 1979). Genetic advance is 
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indicative of the expected genetic progress for a particular 
trait under suitable selection procedure (Kaul, 1980b) and 
consequently carries much significance in self-pollinated 
crops. 
Studies of Rawlings et al. (1958), Williams and Hauaway 
(1961), Papa et al. (1961) in soybean, Frey (1965) in oats, 
Gaul (1965) in barley, Gregory (1968) in peanuts, Jana and 
Roy (1973), Kaul and kumar (1983) in rice, Kaul and Garg 
(1982) in pea, Tickoo and Jain (1979) and Khan (1988) in 
mungbean establisVied that the polygenic variation induced by 
mutagens could be fixed by selections in the subsequent 
generations, and improvements of various desirable traits 
could be achieved in crop plants. 
The estimated values of genetic advance, in percentage 
of moan, differed in different mutagenic treatments and also 
from one variety to another. In general, EMS treatments gave 
the maximum values as compared to the other two mutagens 
(MMS and SA). Earlier, Khan (1979) estimated higher values 
of genetic advance with EMS treatments in mungbean. The 
characters vis., day.s to flowering, plant height, days to 
maturity and pod length showed comparatively lower values of 
genetic advance than other characters such as number of 
fertile branches, number of pods, seeds per pod, 100 seed 
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weight and seed yield per plant. The above yield and yield 
components possessed a high herttability along witVi a high 
genetic advance. /Our) results are in agreement with the 
similar findings reported for such characters in wheat 
(Ghandhi et al., 1964), pea (Kaul and Garg, 1982) and 
mungbean (Bhargava et al., 1966; Khan, 1988). The characters 
possessing a high heritability along with a high genetic 
advance are more responsive to the effective selection and 
improvement. According to Pause (1957), if heritability is 
mainly due to the non-additive genetic effects (dominance 
and epistasis), the genetic gain would be low, while in 
other cases where heritability is chiefly due to the 
additive gene effects, a high genetic advance may be 
expected. 
Although heritability in the present investigation has 
been calculated in the broad sense, its estimates can be 
reliably followed when the high genetic advance in the 
quantitative characters is accompanied by high heritability 
values. Results about yield and yield components are quite 
encouraging since they possess sufficiently high values of 
heritability and genetic advance. 
A wide range of variability was observed for the number 
of fertile branches, number of pods and seed yield per plant 
of the mutants isolated in M3 generation. A glance at the 
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datc^  indicates that the mean values of these characters 
increased significantly in different mutant lines in 
comparison to the control, selection for number of fertile 
branches, number of pods and seed yield per plant in M3 
generation was found to be effective in mutants K-851-A 
(0.1% EMS), K-851-B (0.2% EMS), K-851-C (0.2% liMS), K-851-D 
(0.01% SA), PS~1G-A (0.1% EMS), PS-16-B (0.01% MMS), Pusa 
Baisakhi-A (0.1% EMS), Pusa Bai.5iakhi-B (0.2% EMS), Pusa 
Baisakhi-C (0.01% MMS) and Pusa Baisakhi-D (0.01% SA) as is 
evident from the increased value.*! of genetic parameter-^. 
Delayed selection is preferred as the deleterious mutations 
are generally eliminated in early generations. All these 
three characters showed considerable increase in the values 
of genotypic coefficient of variation, heritability and 
genetic advance, indicating that these characters can be 
tran.smitted to future generations and further improvement of 
the.5e quantitative characters is possible in subsequent 
generations. Frey (1969) reported tViat the mutagen derived 
variability for quantitative characters in crop plants la 
heritable and that the response to selection is good. The 
relative value of this source of variability for use in crop 
improvement, therefore, depends almost entirely upon the 
natur-e of phenotypic expres.5ion caused by the mutations 
induced at polygenic loci (Larik at al. 1980), 
TVie degree of association of plant characters has 
always been helpful cts a basis for selection. A number of 
significant chango.b towards the desirable side were induced 
in the correlation coefficient of various pairs in the 
mutants isolated in M3 generation. Relation of yield with 
other quantitative characters was also studied earlier 
(Johnson et al., 1955b; Sanghi and Sharma, 1964; Gottachalk 
and Kaul, 1975; Kaul and Garg, 1982; Khaii, 1987b). The 
correlation between any two characters in an ordinary 
population should be the composite of the effect of 
selection, gene linkage and pleiotrophy (Sakai and Suzuki, 
1964). Gottschalk (1987) reported that climatic factors can 
influence a pleiotropic pattern positively or negatively. 
The difference in the correlation coefficients between 
control and treated population will be due to the effect of 
mutagens on gene linkage and altered pleiotrophic effect of 
the newly mutated geneij (Sharma and Sharma, 1981). The 
present findings also aupport the view that mutagenic 
treatments could alter the mode of relationships between any 
two characters apart from generating variablity (Rao and 
Siddtq, 1976). Since the number of fertile branches and the 
number of pods have shown a significant relationship with 
yield, it would be desirable to direct selection for these 
characters. 
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In precise, the lower concentrations of the mutagens 
used in the present investigation were found to be more 
effective and efficient in increasing meaxi values for yield 
and yiled components, compared to the higher concentrations. 
The present investigation also revealed that mutagenesis 
could be employed to induce the quantitative changes in the 
genetic arcViitecture. Thus, the induced genetic variability 
can effectively be exploited for the improvement of 
mungbean. 
Chapter--6 
Summary 
The present investigation was carried out using two 
alkylating agents, viz., ethymethane sulphonate (EMS) and 
methylmethane sulphonate (MMS) and a respiratory inhibitor, 
viz., sodium aaide (SA) on mungbean {Vigna radiata (L. ) 
Wilczek). The main objective of this study was to explore 
the possibility of inducing genetic variability for 
quantitative characters in three varieties viz., K-851, 
PS-16 and Pusa Baisakhi of mungbean. Various other aspects 
of this study were: (1) biological damage in H-^ generation; 
(2) efficiency and effectiveness of the mutagens; (3) 
chlorophyll mutation frequency and its spectrum; (4) 
estimation of heritability (broad sense) and genetic 
advance (percentage of mean). 
Tlie Mj^  generation was studied for such parameters as 
percentage of seed germination, seedling height, plant 
survival and pollen fertility. A depression in seed 
germination, seedling height and pollen fertility was 
envisaged with increasing concentrations of the mutagens. 
Morphological investigations of Mj^  plants exhibit 
anomalies in the cotyledonary and vegetative leaves and the 
frequency of such abnormalities was greater at the higher 
concentrations of mutagens in all the three varieties. 
Treatments with SA failed to produce anomaly in the 
cotyledonary and vegetative leaves in all the varieties 
studied. 
A wide spectrum of chlorophyll mutants was obtained in 
M2 generation. TVie frequency of chlorophyll mutations was 
dose dependent and increased with the mutagen concentration. 
EMS treatments induced the highest frequency of chlorophyll 
mutations and was followed by MMS and SA in all the three 
varieties. 
The mutagenic effectiveness as measured by the 
percentage of mutated plant progenies divided by the unit 
dose of the mutagen was higher at lower doses of the 
mutagens. MMS was found to be most effective and the order 
of the mutagens based upon effectiveness was MMS > SA > EMS. 
The mutagenic efficiency worked out on the basis of seedling 
injury (Mp/I) and pollen sterility (Mp/S), showed a 
declining trend with increasing concentrations of mutagens. 
The EMS treatments were found to be more efficient in 
comparison to the other mutagens (MMS and SA) in all the 
varieties. 
A wide range of morphological mutants exhibiting 
altered morphological features were identified in M2 
population. The highest frequency was noticed in the EMS 
treated population and the lowest in the SA treated one, 
MMS treatments being the intermediate. The rang© of such 
mutants was relatively wide in the var. K-851 followed by 
the varieties PS-16 and Pusa Baisaklrii. The isolated 
morphological mutants in the present Investigation showed a 
negative selection value. However, few of them can be 
improved through selection by eliminating some of the 
undesirable characters. 
Attempts were made to ascertain the effect of the 
mutagenic treatments on mean and the coefficient of 
variation (CV) in Mi itself. Induced quantitative 
variability was studied for nine quantitative parameters, 
namely, days to flowering, plant height (cm), days to 
maturity, number of fertile branches, number of pods, pod 
length (cm), seeds per pod, 100 seed weight (g) and total 
plant yield (g). Means for all the nine quantitative 
characters remained unchanged in the treated populations. 
However, the coefficient of variation (GV) differed from 
character to character and the highest CV over control was 
recorded for fertile branches per plant. 
The mean number of fertile branches, number of pods, 
seeds per pod, 100 seed weight and total yield of the plant 
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increased in all the treatments with some exceptions in the 
three varieties. The exceptions were noticed in M2 
generation, whereas M3 generation showed a complete positive 
trend of shift. The mean of days to flowering and maturity 
shifted on either side of the control mean after the 
mutagenic treatment. Flowering was early by four days with 
0.2% EMS treatment in M3 generation of the var. K-851. 
Similarly days to maturity were reduced by approximately 
four days with 0.2% EMS and 0.02% MMS treatments. The 
treatments of SA at various concentrations gave the maximum 
reduction in plant height in all the three varieties. 
However, the mean pod length did not differ significantly in 
most of the treatments. 
The genotypic coefficient of variation, heritability 
and the genetic advance increased manifold in the treated 
population but they are not dose dependent and varied from 
trait to trait in M2 and M3 generation. The studies of 
heritability and genetic advance suggest that the induced 
polygenic variability can be utilized in plant improvement 
programmes. 
Certain mutants, much superior to the others in their 
performance for seed yield per plant, were evaluated in 
order to find out the selection response in M3 generation. 
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Increase in yield concurrent with the increase in mean 
values of fertile bi-anches and pods per plant was noticed. 
The other characters, namely, days to flowering, plant 
height, days to maturity and pod length showed no 
significant differences in mean values. However, some 
characters such as seeds per pod and 100 seed weight 
differed significantly from the control. Estimates of the 
genotypic coefficient of variation, Vxeritability and the 
genetic advance for yield and yield components were also 
recorded to be higher. The increased variability in yield 
and yield components for these mutants provides scope for 
further selection. 
Phenotypic correlation between various character pairs 
of the mutants isolated in M3 generation showed a positive 
and significant relationship among number of fertile 
branches, number of pods and seed yield per plant. The 
present findings also support the view that the mutagenic 
treatments could alter the mode of association between 
characters, apart from generating variability. 
In general, the lower concentrations of the mutagens 
used in the present investigation were more effective and 
efficient rather than the higher concentrations. Mutagenesis 
could be employed to alter the genetic make up of mungbean. 
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Plalie-lV S a e d l t t e s eat cpivtxol axtd t,r«iat.et4 pojwala-ti.oti of 
iapia.i^ ««B.> w i th vaaried msanbeir odF csotyledoaary 
leaves; ^  
F l g . t . S e a - l i n e wlt,li_ n^oimral p a i r of leaf 
Cecsa±!roE-y. 
Fig,. 2' Seedltrsg witfL csae co"ty^ I<s<ioEua]ry leaf , 
F ig~3 . SeetHiftg wi th an e x t r a cotyiedonary 
i©a£. 
Fig^. 4r- Seedl-iag; with, aa e x i r a p a i r of 
c«Ptyl«donary l e a v e s . 
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Plate-II. Leaves of control and -treated population of 
mungbean with, varied number of leaflets. 
Fig.l. Normal and bifoliate-
Fig. 2. Normal and tetrafoltate. 
Fig.3. Normal and pentafoliate. 
Fig.4. Normal and lobed leaf. 
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Plate-Ill, Morphological mutants. 
Figs.I and 2. Bushy mutants. 
Fig. 3. Tall lautarit. 
Fig. 4. Dwarf mutant. 
PLATE-III 
•~PS-I6 
Po 4 94 EMS I PS-I6| 
0 03 •.< SA 
Fla- t^ - I^ . CoTitrol plan-t and h igh y i e l d i n g mutants . 
F igs . 1-4. CoiTitroi j.>Lant (vai-. K-851) and 
M>3Lartts i s o l a t e d in Mg genera t ion 
from va r ious t r e a t m e n t s of the 
mutagens. 

Pla t e -V . Contro l plftafes and h igh y i e l d i n g mutan-ts. 
Fig,A.l-6. Contrpl p l a n t s ( v a r i e t i e s PS-16 and 
BiS* BatsakVil) anvl mutaij^ts i s o l a t e d 
in Hg genera t ion from v a r i o u s 
treatte^ents of t he mutagens. 
PLATE-V 
* Contf4» 
